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DUDLEY OBSERVATORY. 



Thb establishment of this Institution was first proposed in 
1851, by Dr. James H. Abmsby. The plan was submitted 
-to Thomas W. Olcott, Esq., who was the first to promise 
iaid to the enterprise. Prof. Amos Deak became interested 

in the project, and wrote to Prof. O, M. Mitghel of 

I. 

Oincinnati, for advice and cooperation. 

PROFESSOR MITCHELLS REPLY. 

Cincinnati, June 28^A, 1851. 

Deab Sir: I have received your letter concerning the proposed 

Observatory at Albany. If I were in a situation to give my entire 

. time to the enterprise, nothing could give me greater pleasure. Bat 

my duties and engagements here absorb all my time and efforts. 

I could be of little service to you, with my workshop and 
instruments a thousand miles away. If I had control of such an 
Observatory as you propose to build, with the improved instra« 
ments and machinery, I think great progress could be made in 
this department of progressive science. ♦ ♦ ♦ 

If my life is spared until the meeting of the Association in 
August, I shall hope to meet you and confer more fully on 
this subject. O. M. MTTCHEL. 

Prof. Amos Dean. 

On the receipt of Prof. Mitchells letter, a subscription 
was opened, and Messrs. Thomas W. Oloott, William 
H. Dbwitt and Ezra P. Pbentige, each subscribed 
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$1,000. Mr. Olcott then presented the plan for the 
establishment of an astronomical observatory to Mrs. 
Blandxka Dudley, widow of the late Hon. Ohables 
E. Dudley. Mrs. Dudley, with a just appreciation of 
the object, at once subscribed the sum of $12,000; in 
consideration of which, the trustees unanimously resolved 
to give the name of Dudley Obsebvatoby to the insti- 
tution. After this liberal subscription the sum of $25,000 
was soon secured in this city. 

The act of incorporation was granted by the Legislature 
in March, 1852. Prof. Mitchel selected the site, and 
General Stephen Van Eensselaeb donated the land 
on which the Observatory building was erected. The 
trustees have since purchased additional land, amounting 
in all to about eight acres. 

The building was completed in 1854, from plans fur- 
nished by Prof. Mitchel. Mrs. Dudley made an 
additional donation of $13,000 for instruments, which gave 
a new impetus to the enterprise. Mr. Olcott made 
another donation of $10,000,< Mr.* J. F. Eathbone of 
$5,000, and Mr. Wm. H. Dewitt of $3,000. Other liberal 
subscriptions were received from patrons of science, in 
different parts of the country, whose names will be found 
in the appendix. 

The Institution was inaugurated on the 28th of August, 
1856, at the meeting of the American Association for the 
Advancement of Science. 

The Eulogy on Mr. Dudley was delivered by Wash- 
ington Hunt, and the inaugural address by Edwabd 
Everett. 

On that occasion Mrs. Dudley made another donation 
of $50,000, for a permanent endowment; and, in her 
last will, made a bequest (not yet received) of $30,000 
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iitional, for the same object. Mrs. Dudley's donations, 
da^ng the bequest, amount to $105,000. The aggregate 
ih donations exceed $150,000, secured mainly through 
) personal efforts of Mr. Olcott and Dr. Abmsby. 
K>at $100,000 has been expended on the buildings, 
rtnunents, grounds, and other objects, and $50,000 has 
aa safely invested as a permanent fund for the support 
the Institution. 
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EULOGY. 



The inauguration of two institutions of science at the 
capital of our State — yesterday the Qeological Hall, to-day 
the Dudley Observatory — is an event of no ordinary interest. 
Who does not rejoice in contemplating a spectacle, so honor- 
able to the country, so cheering to the friends of learning 
and social progress? When viewed in connection with the 
proceedings of the last week — the welcome presence and 
instructive deliberations of the American Association for the 
Advancement of Science; the occasion assumes a national 
dignity and importance, and deserves to be celebrated as an 
epoch in the history of American science. 

The gradual advancement of our country in intellectital 
culture becomes an object of profound interest to every mind 
capable of appreciating the influence of knowledge upon the 
happiness and destiny of mankind. Every new agency by 
which the boundaries of science are enlarged and the light 
of philosophy more widely diffused, is welcomed with grati- 
tude as a tribute to civilization, and the revelation of a 
latent power to gain fresh conquests in the domains of truth. 
The State of New-York, true to the spirit of the motto 
inscribed on her shield, has been distinguished from an early 
period in our history for enlightened efforts to elevate the 
moral and intellectual condition of her people. We point 
with pride to the magnificent works by^ which physical 
barriers have been surmounted, intercourse unfettered, 
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oommerce expanded, and all the sources of internal pros- 
perity warmed into life and activity; and we honor the 
memory of the statesmen by whose wisdom and energy 
these grand results were accomplished. But be it remem* 
bered that while thus securing a rapidity of material growth 
and progress to which history scarcely affords a parallel, we 
have not been indifferent to the moral and intellectual 
elements whose harmonious development constitutes the 
true glory of a state, and entitles it to rank among refined 
and cultivated nations. 

By judicious and liberal legislation we have perfected a 
system of popular education which brings the means of 
mental improvement within the reach of all the children 
of the commonwealth, even the npiost obscure and dei^titute. 
Institutions designed to advance the higher branches of 
science and learning have been wisely multiplied, and 
encouraged from time to time by endowments from the 
public resources. But legislation alone is not sufficient to 
impart vitality and vigor to a system of education, however 
perfect the skill displayed in its theory and structure. To 
insure success individual aid and cooperation are indis- 
pensable. Happily for the cause of learning this important 
requisite has not been withheld. Generous and enlightened 
men have stepped forward with an ardor, which cannot be 
too gratefully acknowledged, to second the efforts of the 
State, and give effect to its aspirations for higher intellectual 
development. 

I consider it alike fortunate for the welfare of the State, 
and honorable to its fame, that here at the capital, in this 
ancient city of Albany, we have had a body of cultivated 
scholars and munificent citizens, of whom any country 
might be proud, zealously devoted to the cause of letters 
and science, and active in promoting the increase and 
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diffasion of knowledge. By their public spirit and well 
directed exertions, they have excited an interest in the work 
of education which is already yielding a rich and precious 
harvest. To them are we indebted for the first foundations 
of an university designed to embrace within the ample 
sphere of its operations the entire circle of scientific 
inquiries; an institution which is generally conceded to 
be the great intellectual need of our country. From the 
progress already made in this design, we may safely antici- 
pate its complete success at no distant period. It is truly 
a noble eflbrt, worthy of generous minds which find their 
highest happiness in promoting the welfare of their fellow- 
men. I trust they will not grow weary in the work until 
they shall have consummated the great object of their 
labors. Begarding them as public benefactors in the most 
exalted sense, I must avail myself of this opportunity to 
express to them my gratitude for the benefits they have 
conferred upon society. 

My chief aim in appearing before you on the present 
occasion, is to oflfer a grateful tribute to the memory of 
one who has gone to his rest, and whose name stands 
conspicuous among the names of the honored dead who, 
by their virtues and services, adorned the historic annals 
of our State. Charles E. Dudley was a man whose 
sterling merits would have insured a high place among the 
first citizens of Greece or Eome, in the virtuous age of 
either republic, when integrity and patriotism were the only 
passport to popular eminence. 

Before proceeding to enlarge upon his character, •permit 
me to observe that he was the friend of my youth, and that 
many years of intercourse, during which it was my good 
fortune to receive numerous proofs of his kindness, gave 
him a strong hold upon my affections. I was indebted 
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to him for wise eotiDsels, for geDerous patronage, and 
above all for a bright example of manliness and honor 
which animated his whole life and condnct. The memory 
of these personal relations revives in my breast feelings of 
gratitude and devotion which time cannot extinguish. Mr. 
Dudley's career presented a beautiful illustration of the ele- 
vating tendency of our free American institutions. Nature 
had endowed him with a clear, vigorous intellect, and high 
moral susceptibilities. These characteristics were strength- 
ened by timely culture and the piu*est social influences. la 
early life he enjoyed unusual advantages for foreign travel, 
and became conversant with the manners and institutions 
of other countries. The principles of commerce, in its 
grand relations to the public wealth and prosperity, and as 
a peaceful agency of human progress and civilization, 
became his favorite subject of investigation. While his 
acquirements were varied and extensive, he made himself 
specially familiar with the history of commerce and naviga- 
tion in ancient and modern times; with the causes which 
affect their growth and decline ; with the practical working 
of the commercial systems adopted by different nations; 
and h|s rich stores of information on these subjects enabled 
him to render important service to the commercial interests 
of his own country. His attainments in this department ot 
political economy, and a remarkable faculty for discrimina- 
tion in deducing from general theories safe practical con- 
clusions, with reference to the actual condition of affairs, 
qualified him to discuss some of the most dif9cult questions 
of commercial policy with a convincing clearness of eluci- 
dation. In my intercourse with the world, I have rarely 
met a statesman whose knowledge on this class of subjects 
was more complete, or whose observations were more 
comprehensive and profound. 
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After devoting some years ^ to the parsiiits of commerce, 
in T^hich liis labors were rewarded by abundant succesSi 
Mr. DuDLBT retired from active business and became a 
citizen of Albany, where he was allied by marriage with 
one of its most respected and influential £amilies. Among 
tbe people of this city, where he passed the remainder of 
Mb days, and where his honorable discharge of duty in 
©very relation of life made him "observed of all observers," 
it would seem unnecessary to dwell upon the virtues 
which adorned his character, and elicited repeated expres- 
Bions of public regard and confidence. 

In a community so appreciative of merit, it was imposr 
Bible that such a man should remain in tranquil retirement. 
From time to time he was called by his fellow-citizens to 
stations of eminent dignity and importance, and he never 
fiuled to discharge his trust with fidelity and capacity. 
He was chosen more than once to preside over the 
municipal administration of this city, as its chief magis- 
trate; and in this position he rendered services which are 
still remembered with gratitude. As a member of the 
Senate of 'Sew York he identified his name with beneficent 
measures which have contributed largely to the intellectual 
progress and material prosperity of tbe State. In him 
oar system of internal improvements found a firm and 
enlightened supporter. He was an effective advocate of 
the Erie Canal at a time when* that magnificent under*- 
taking was denounced as visionary, and its completion 
placed in jeopardy by a strong and determined oppositioik 
]But I regard it as his highest merit as a legislator for 
the State, that he was a zealous and constant friend 
of the cause of education. Every measure calculated to 
diffuse the blessings of knowledge, whether by the exten- 
sion of our common school system, or the creation of new 
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institutions of leamingt xeoeiTed firom him on eamesfc and 
powerful support. 

At a subsequent period Mr. Dxtdlbt was elected to a 
seat in the Senate of the United States ; a station whieli 
he filled with honor to himself and advantage to the 
country. He was one of the most dignified and respected 
members of that body at a time when Olay and Webstxib 
and Oalhouk gave lustre to the senatorial ofBce. On 
questions affecting the commercial interests of the country, 
his thorough knowledge of the laws of trade gave an 
important weight to his opinions. As a ^Senator, he was 
distinguished among his peers for ripe intelligencei, true 
patriotism, and a spirit of candor which inspired confi- 
dence in the rectitude of his motives and the soundness 
of his judgment. It frequently occurs that these sterling 
qualities are of more value to the country in its legis- 
lative bodies, than the most brilliant dismays of impassioned 
eloquence. It was Mr. Dudley's fortune to act a prom- 
inent part on the stage of public events, in times of intense 
political excitement. Though decided in his opinions, 
adhering always to his avowed principles with unyielding 
firmness, party spirit never ventured to assail the integ*^ 
rity of his conduct, or to question the purity of his 
intentions. He cherished warm political attachments, yet 
was he no partisan, in the ordinary sense. If he loved 
OdBsar much, he loved ^Bome more, and regarded the 
welfare of his country as paramount to the interests of 
any party. 

On several occasions he exhibited a lofty spirit of inde-* 
pendence, in defiance of the most powerful political 
influences. In eveily relation, public and private, he was 
governed by a controlling sensie of justice, and discharged 
•kis duty with that true moral courage which rejects all 
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fear, except the fear of doing wrong. His personal deport- 
ment exhibited that blending of dignity and courtesy 
which inspires a mingled sentiment of homage and 
- affection. In all the intercourse of life he displayed a 
• refined sense of propriety. Ifaturally modest and retiring, 
^ he avoided no duty, and shrank from no responsibility 
which a statesman or a citizen can be justly required to 
: assume. He sought no prominence, but accepted the 
honors which were conferred upon him as a trust for 
: the benefit of his fellow-men. 

This is a brief and imperfect outline of the character 
and career of Charles B. Dudley. Fifteen years have 
passed away since he departed this life, loved by all who 
knew him and most by those who knew him best, honored 
by his fellow-citizens, and mourned by the country which 
he had so faithfully served. By the blessing of Providence, 
his beloved and venerable widow, the partner of his joys 
and sorrows, and the object of his fondest affections, still 
survives. To her bereaved spirit, during the long period 
of her loneliness, the recollection of his virtues and life- 
long devotion to her happiness, and the hope of reunion 
in the realms of immortal felicity, have been a source of 
unfailing consolation. 



" Like lamps in eastern sepulchres, 
Amid mj heart's deep gloom, 
Affection sheds its holiest light 
Upon my husband's tomb ; 
And as those lamps, if brought once more 
To upper air, grow dim. 
So my soul's love is cold and dead 
Unless it glow for him." 

To her has been reserved the pious office of rearing an 
appropriate monument to his memory. How generously, 
how nobly this sacred duty has been performed, will be 
recorded and remembered during all future time! The 
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DISCOURSE. 



-CITIZENS OF Albany: 

ibled as we are under your auspices in this ancient 

spitable city, for an object indicative of a highly 

ed stage of scientific culture, it is natural in the first 

to cast an historical glance at the past. It seems 

h to surpass belief, though an unquestioned fact, that 

than a century should have passed away, after Cabot 

discovered the coast of !N'orth America for England, 

•e any knowledge was gained of the noble river on 

•h your city stands, and which was destined by Provi- 

ce to determine in after-times the position of the com- 

L-cial metropolis of the continent. It is true that 

.BAZZANO, a bold and sagacious Florentine navigator in 

service of France, had entered the Narrows in 1524, 

.lich he describes as a very large river, deep at its 

loutb, which forced its way through steep hills to the sea. 

;ut, though he, like most of the naval adventurers of that 

ige, was sailing westward in search of a shorter passage to 

India, he left this part of the coast without any attempt 

to ascend the river; nor can it be gathered from his 

narrative that he believed it to penetrate far into the 

interior. 

Kear a hundred years elapsed before that great thought 
acquired form and substance. In the spring of 1609, the 
heroic but unfortunate Hudson, one of the brightest names 
in the history of English maritime achievement, but then in 
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fhe employment of the Dutch East India Company, in a 
vessel of eighty tons, bearing the very astronomical name 
of the '* Half-moon," having been stopped by the ice in the i 
Polar Sea, in the attempt to reach the East by the way of , 

ISova, Zembla, struck over to the coast of America in a ' 

I 

high northern latitude. He then stretched down south- 
westwardly to the entrance of Chesapeake Bay, (of which 
he had gained acknowledge from the charts and descriptions ^ 
of his Mend, Capt. Smith,) — thence returning to the North, | 
entered Delaware Bay, — standing out again to sea arrived i 
on the 2d of September in sight of the "high hills" of 
!N'eversink, pronouncing it " a good land to fall in with, and 
a pleasant land to see," and on the following morning, , 
sending his boat before him to sound the way, passed I 
Sandy Hook, and there came to anchor, on the third of i 
September, 1609 ; two hundred and forty-seven years ago, 
next Wednesday. What an event, my friends, in the his- 
tory of American population, enterprise, commerce, intelli- 
gence and power, — the dropping of that anchor at Sandy 
Hook! 

Here he lingered a week, in friendly intercourse with the 
natives of New Jersey, while a boat's company explored 
the waters up to Newark Bay. And now the great ques- 
tion. Shall he turn back like Yebazzano, or ascend the 
stream? Hudson was of a race and in an employ, not 
prone to turn back, by sea or by land. On the 11th of 
September, he raised the anchor of the "Half-moon," 
passed through the Narrows, beholding on both sides "as 
beautiful a land as one can tread on;" and floated cau- 
tiously and slowly up the noble stream, the first ship that 
ever rested on its bosom. He passed the Palisades, nature's 
dark basaltic Malakoff; forced the iron gateway of the 
Highlands, and anchored on the 14th, near West Point; 
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swept onward and upward the following day by grassy 
meadows and tangled slopes, hereafter to be covered with 
smiling villages; — by elevated banks and woody heights, 
the destined site of future towns and cities, — tot egregias 
urbesj — of Newburg, Poughkeepsie, Oatskill; — on the even- 
ing of the 15th arrived opposite "the mountains which lie 
from the river side," where he found " a very loving people 
and very old men ; and the day following reached the spot, 
hereafter to be honored by his own illustrious name. One 
more day wafts him up between Schodac and Gastleton, 
and here he landed and passed a day with the natives, — 
greeted with all sorts of barbarous hospitality, — the land 
** the finest for cultivation he ever set foot on," the natives 
so kind and gentle that, when they found he would not 
remain with them over night, and feared that he left 
them, — poor children of nature, — because he was afraid 
of their weapons, he, whose quarter deck was heavy with 
ordnance, they " broke their arrows in pieces and threw 
them in the fire." On the following morning, with the 
early flood-tide, on the 19th of September, 1609, the Half- 
moon "ran higher up two leagues above the Shoals," 
and came to anchor in deep water, near the site of the 
present city of Albany. Happy, if he could have closed 
his gallant career, on the banks of the stream which so 
justly bears his name, and thus have escaped the sorrow- 
ful and mysterious catastrophe which awaited him in the 
Arctic waters, the next year ! 

But the discovery of your great river and of the site 
of your ancient city, is not the only event which renders 
the year 1609 memorable in the annals of America and the 
world. It was one of those years, in which a sort of 
sympathetic movement toward great results unconsciously 
pervades the races and the minds of men. While Hudsok 

4 
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was exploring this miglity river and this vast region for the 
Dutch East India Company, Ohahplain, in the same year, 
carried the lilies of France to the beautiful lake which, 
bears his name, on your northern limits; — the languishing* 
establishme[nts of England in Virginia were strengthened 
by the second charter granted to that colony; — the little 
church of Bobinson removed from Amsterdam to Leyden, 
firom which, in a few years, they went forth to lay the 
foundations of New England on Plymouth Bock; — the seven 
United Provinces of the ^Netherlands, after that terrific 
struggle of forty years, (the commencement of which has 
just been embalmed by an American historian in a record 
worthy of the great event,) wrested from Spain the virtual 
acknowledgment of their independence in the Twelve Years' 
truce; — and James the First, in the same year, granted 
to the British East India Oompany their first permanent 
charter; comer-stone of an empire destined in two cen- 
turies to overshadow thei Bast. 

One more incident is wanting to complete the list of the 
memorable occurrences which signalize the year 1609, and 
one most worthy to be remembered by us on this occasion. 
Contemporaneously with the events which I have enume- 
rated, — eras of history, dates of empire, the starting point 
in some of the greatest political, social, and moral revo- 
lutions in our annals, an Italian astronomer, who had heard 
of the magnifying glasses which had been made in Holland 
by which distant objects could be brought seemingly near, 
caught at the idea, constructed a telescope and pointed it to 
the heavens. Yes, my friends, in the same year in which 
HuDSOK discovered your river and the site of your 
ancient town, in which Bobinson made his melancholy 
Hegira from Amsterdam to Leyden, Galileo Galilei, 
with a telescope, the work of his own hands, discovered the 
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phases of Venus and the satellites of Jupiter ; and now, 
after the lapse of less than two eenturies and a half, on 
a spot then embosomed in the wilderness, the covert of 
some of the least civilized of all the races of men, we 
are assembled, descendants of the Hollanders, descendants 
of. the Pilgrims, in this ancient and prosperous city, to 
inaugurate the establishment of a first-class Astronomical 
Observatory. 

One more glance at your early history* Three years 
after the landing of the Pilgrims at Plymouth, (for I 
delight to trace these kindly synchronisms,) Fort Orange 
was erected, in the centre of what is now the business 
-p^vt of the city of Albany, and a few years later, the 
little hamlet of Beverswyck began to nestle under its 
walls. Two centuries ago, my Albanian friends, this very 
year, your forefathers assembled, not certainly to inaugurate 
an observatory, but to lay the foundations of a new church 
in the place of the rude cabin which had hitherto served 
them in that capacity. It was built at the intersection of 
Yonker's and Handelaar's, better known to you as State 
and Market streets. Public and private liberality cooperated 
in the important work. The authorities at the fort gave 
fifteen hundred guilders; — the Patroon of that early day, 
with the liberality coeval with the name and the race, 
contributed a thousand ; — while the inhabitants, for whose 
benefit it was erected, whose numbers were small and their 
resources smaller, subscribed twenty beavers, " for the pur- 
chase of an oaken pulpit in Holland." Whether the largest 
part of this subscription was bestowed by some liberal 
benefactress, tradition has not informed us. It has however 
informed us, as I learned a few hours since from Mr. Bbod- 
HBADi that the comer-stone of the little church was laid by 
the Bev. BiTTaER Jacobsek ; and that his daughter married 
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Jax Jajsben Bleeokbb, from whom is lineally descended 
Mrs. BLA2a)iKA Bleeckeb Dudley, to whom we are so 
largely indebted for this day's celebration. 

I^or is the year 1656 memorable in the annals of Albany^ 
alone. In that same year your imperial metropolis, which 
had then recently been incorporated as a city by the name 
of New Amsterdam, was first carefully surveyed by official 
authority, and found to contain one hundred and twenty 
houses and one thousand inhabitants. * In eight years more 
New Netherland becomes New-York ; Fort Orange, with its 
dependent hamlet, assumes the name of Albany ; — a century 
of various fortune succeeds, — the scourge of French and 
Indian war is rarely absent from the land, — every shock of 
European policy vibrates with electric rapidity across, the 
Atlantic, but the year 1756 finds a population of three hun- 
dred thousand in your growing province. Albany, however 
may still be regarded almost as a frontier settlement. Of 
the twelve counties into which the province was divided a 
hundred years ago, the county of Albany comprehended all 
that lay north and west of the city ; and the city itself con- 
tained but about three hundred and fifty houses. 

One more century; another act in the great drama of 
empire; another French and Indian war beneath the 
banners of England; a successful revolution, of which some 
of the most momentous events occurred within your imme- 
diate neighborhood; a union of States; a constitution of 
federal government ; your population carried to the St. Law- 
rence and the gfeat Lakes, and their waters poured into the 
Hudson; your territory covered with a network of canals 
and railroads, filled with life, and action, and power, with all 



* These historioal notices, relative to the discoyery of the river by Hudson, and the 
foundation of Albany, are for the most part abridged firom Mr. Bboadhead's excellent 
history of New- York, 
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»ful art and prosperous enterprise, with ail 
^which constitute and advance the ciTllization 
-I population exceeding that of the Union at the 
.'evolutloai your own numbers twice as large as 
largest city of that day, you have met together, 
just two hundred years since the erection of the 
u of Beverswyok, to dedicate a noble temple 
and to take a becoming public notice of the 
^;^t of an institution destined, as we trust, to 
jueficial influence on the progress of useful know- 
iiome and abroad, and througli that on the general 
dvilization. 

rill observe that I am careful to say the progress 
toe "at home and abroad ;" for the study of 
my in this country, like that of many other branches 
tiral science, faas long since, I am happy to odd, 
" that point where it is content to repeat the 
.'ations and verify the results of European research, 
s boldly and successfully entered the field of original 
itigation, discovery and speculation; and there is not 
' a single department of the science in which the names 
Vmerican observers and mathematicians are not cited 
OUT brethren across the water, side by side with the 
i8t eminent of their European contemporaries. 
This state of things is certainly recent. During the colo- 
;al period, and in the first generation after the Bevolution, 
--0 department of science was, for obvious causes, very 
-jxtensively eultivated in America, — astronomy perhaps as 
mnch as the kindred branches. The improvement in the 
quadrant commonly known as Hadlby's had already been 
made at Philadelphia by Godfbet in the early part of the last 
century, and the beautiful invention of the collimating tele- 
scope was made at a later period by Bittenhousb, an 
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astronomer of distinguished repute. The transits of Yenus 
of 1761 and 1769 were observed in different parts of the 
country ; orreries, a favorite scientific toy in the last cen- 
tury, were constructed in Philadelphia and Boston ; and some 
respectable scientific essays are contained and valuable obsw- 
vations are recorded in the early volumes of the transactions 
of the Philosophical Society at Philadelphia, and the Amer- 
ican Academy of Arts and Sciences at Boston and Gam- 
bridge. But in the absence of a numerous class of men of 
science to encourage and aid each other, in a state of the 
country as yet too poor to extend a liberal patronage to the 
expensive arts, without observatories and without valuable 
instruments, little of importance could be expected in the 
higher walks of astronomical research. 

The greater the credit due for the achievement of an enter- 
prise commenced in the early part of the present century, 
and which would reflect honor on the science of any country 
and any age, I mean the translation and commentary on 
Laplace's Mecaniqiie Celeste^ by Bowditoh ; a work whose 
merit I am myself wholly unable to appreciate, but which I 
have been led to think places the learned translator and com- 
mentator on a level with the ablest astronomers and geome- 
ters of the day. This work may be considered as opening a 
new era in the history of American science. The country 
was still almost wholly deficient in instrumental power ; but 
the want was generally felt by men of science, and the pub- 
lic mind in various parts of the Union began to be turned 
towards the means of supplying it. In 1825, President 
John Quinoy Adams brought the subject of a [^rational 
Observatory before congress. Political considerations pre- 
vented its being favorably entertained at that time ; and it 
was not till 1842, and as an incident of the exploring expe- 
dition, that an appropriation was made for a depot for the 
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charts and instroments of the navy. On this modest basis 
has been reared the iN'ational Observatory at Washington ; an 
institation which has already taken and fully sustains an 

honorable position among the scientific establishments of the 
age. 

Besides the institution at Washington, fifteen or twenty 
observatories have, within the last few years, been established 
in different parts of the country ; some of them on a modest 
scale, for the gratification of the scientific taste and zeal of 
individuals, others on a broad foundation of expense and 
usefulness. In these establishments, public and private, the 
means are provided for the highest order of astronomical 
observation, research, and instruction. There is already in 
the country an amount of instnimental power (to which 
addition is constantly making), and of mathematical skill 
on the part of our men of science, adequate to a manly 
competition with their European contemporaries in astron- 
omy and the branches of science theoretical and applied 
connected with it The proceedings of the present meeting 
of the American Association fully justify this remark. The 
fruits are already before the world in the triangulation of 
several of the States, in the great work of the coast survey, 
in the numerous scientific surveys of the interior of the con- 
tinent, in the astronomical department of the exploring 
expedition, in the more recent scientific expedition to Chili ; 
in the brilliant hydrographical labors of the observatory at 
Washington ; in the published observations of Washington 
and Oambridge ; in the general character of the contents of 
the journal conducted by the Nestor of American Science, 
now in its eighth lustrum, of the Sidereal Messenger, and 
the Astronomical Journal ; in the iN'ational Ephemeris ; in 
the great chronometrical expeditions to determine the longi- 
tude of Cambridge, better ascertained than that of Paris 
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was till within the last year ; in the prompt rectification of 
the errors in the predicted elements of S'eptune, in its 
identification with Lalandb's missing stw, and in the calcti-^ 
lation of its ephemeris ; in the discovery of the satellite of 
!N^eptune, of the eighth satellite of Saturn, and of the inner-* 
most of its rings ; in the establishment, both by observation 
and theory, of the non-solid character of Saturn's rings ; in 
the recent remarkable speculations on the nature of the 
Zodiacal light ; in the separation and measurement of many 
double and triple stars, amenable only to superior instra- 
mental i)ower; in the immense labor already performed in 
preparing Star Oatalogues, and in numerous accurate obser- 
vations of standard stars ; in the. diligent and successful 
observation of the meteoric showers ; in an extensive series 
of magnetic observations ; in the discovery of an asteroid 
and ten or twelve telescopic comets (the latter not the 
achievement of the stronger sex alone) ; in the resolution of 
nebulae, which have defied everything in Europe but Lord 
BossE's great Eeflector ; in the application of electricity to 
the measurement of diffferences in longitude, in the corrected 
ascertainment of the velocity of the electro-magnetic fluid, 
and its truly wonderful uses in recording astronomical 
observations. These are but a portion of the achievements 
of American astronomical science within fifteen or twenty 
years, and fully justify the most sanguine anticipations of 
its further progress. 

How far our astronomers may be able to pursue their 
researches, will depend upon the resources of our public 
institutions^ and the liberality of wealthy individuals in 
furnishing the requisite means. With the exception of the 
observatories at Washington and West Point, little can be 
done or expected to be done by the government of the Union 
or the States ; but in this, as in everything else connected 
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with the patronage of art and science, the great dependence, 
and may I not add the safe dependence, as it ever has been, 
must continue to be upon the bounty of enlightened, liberal, 
and public-spirited individuals. 

It is by a signal exercise of this bounty, my friends, that 
we are called together to-day. The munificence of several 
citizelis of this ancient city, among whom the first place is 
due to the generous lady, whose name has with great 
propriety been given to the institution, has furnished the 
means for the foundation of the Dudley Observatory at 
Albany. On a commanding elevation, on the northern edge 
of the city, liberally given for that purpose by the head of a 
family (Van Beksselaeb) in which the patronage of science is 
hereditary, a building of ample dimensions has been erected, 
upon a plan which combines all the requisites of solidity, 
convenience and taste. A large portion of the expense of 
the structure has been defrayed by Mrs. Blanbina Dudley, 
to whose generosity, and that of several other public-spirited 
individuals, the institution is also indebted for the provision 
which has been made for an adequate supply of first-class 
instruments* executed and to be executed by the most emi- 
nent makers in Europe and America; and which, it is 
confidently expected, will yield to none of their class in any 
observatory in the world.* 

With a liberal supply of instrumental power; established 
iu a community to whose intelligence and generosity its 
support may be safely confided, and whose educational 
institutions are rapidly realizing the conception of a 
university; countenanced by the gentleman who conducts 
the United States Coast Survey with such scientific skill 



• For this description of the Dadley Observatory, I ftm indebted to a valuable article 
on American Observatories by Professor Loomis in Harper's Magazine for June 1856, 
p. 40. 
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of the subject should be presented which address themselves 
to the general intelligence of the community, and not to 
its select scientific circles. For astronomy, i>erhaps to a 
greater extent than any other department of natural 
science, exhibits phenomena, which, while they task the 
highest powers of philosophical research, are also well 
adapted to arrest the attention of minds barely tinctured 
with scientific culture, and even to touch the sensibili- 
ties of the wholly uninstructed observer. The profound 
investigations of the chemist into the ultimate constitu- 
tion of material nature, the minute researches of the 
physiologist into the secrets of animal life, the transcend- 
ental logic of the geometer bristling in a notatiou, the very 
sight of which terrifies the uninitiated, are lost on the 
common understanding. But the unspeakable glories of 
the rising and the setting sun ; the serene majesty of the 
luoon, as she walks in full-orbed brightness through the 
heavens; the soft witchery of the morning and the eveniug 
star; the imperial splendors of the firmament on a bright 
unclouded night; the comet, whose streaming banner floats 
over half the sky, — these are objects which charm and 
astonish alike the philosopher and the peasant; — the mathe- 
matician who weighs the masses and defines the orbits of 
the heavenly bodies, and the untutored observer who sees 
^^o thing beyond the images painted upon the eye. 

An astronomical observatory, in the general acceptation 

^^ the Tvord, is a building erected for the reception and 

*'*Ppropf/^te use of astronomical instruments, and the accom- 

^^^utio^ c^f the men of science employed in making and 

^"'^^'Vjfg. observations of the heavenly bodies. These instru- 

^^^^^ ^i*^ xxiaiuly of three classes, to which I believe all 

otl^^^ 0/* ^t^ strictly astronomical character may be referred. 

^^ JHXistruments by which the heavens are inspected, 

^ l/^^^^^ *Q discover the existence of those celestial 
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bodies which are not visible to the naked eye, (beyond all 
comparison more nameroos than those which are,) and to 
observe the magnitade, shapes and other sensible qualities, 
both of those which are and those which are not thus 
visible to the unaided sight. The instruments of this class 
are designated by the general name of Telescope; and 
are of two kinds; — the refracting telescope, which derives 
its magnifying power from a system of convex lenses; 
and the reflecting telescope, which receives the image of 
the heavenly body upon a concave mirror. 

2d. The second class of instruments consists of those 
which are designed principally to measure the angular 
distances of the heavenly bodies from each other, and 
their time of passing the meridian. The transit instru- 
ment, the meridian circle, the mural circle, the heliometer, 
and the sextant belong to this class. The brilliant 
discoveries of astronomy are for the most part made with 
the first class of instruments; — its practical results wrought 
out by the second. 

3d. The third class contains the clock, with its subsidiary 
apparatus for measuring the time and marking its subdi- 
visions, with the greatest possible accuracy ; — indispensable 
auxiliary of all the instruments, by which the positions 
and motions of the heavenly bodies are observed, and 
measured, and recorded. 

The telescope may be likened to a wondrous Cyclopean 
eye, endued with superhuman power, by which the astron- 
omer extends the reach of his vision to the further heavens, 
and surveys galaxies and universes compared with which 
the solar system is but an atom floating in the air. The 
transit may be compared to a measuring rod which he 
lays from planet to planet and from star to star, to 
ascertain and mark off the heavenly spaces, and transfer 
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them to bis note book. Tbe clock is the marvelous 
apparatus by which he equalizes and divides into nicely- 
measured parts a portion of that unconceived infinity of 
duration, without beginning and without end, in which 
all existence floats as on a shoreless and bottomless sea. 

In the contrivance and the execution of these instru- 
ments, the utmost stretch of inventive skill and mechanical 
ingenuity has been put forth. To such perfection have 
they been carried, that a single second of magnitude or 
space is rendered a distinctly visible and appreciable 
quantity. "The arc of a circle," says Sir J. Hersghel, 
"subtended by one second, is less than the two hundred 
thousandth part of the radius, so that on a circle of six 
feet in diameter, it would occupy no greater linear extent 
than -fiVoxr part of an inch ; a quantity requiring a powerful 
microscope to be discerned at all."* The largest body in 
our system, the sun, whose real diameter is 882,000 miles, 
subtends, at a distance of 95,000,000 miles, but an angle 
of a little more than 32'; while so admirably are the best 
instruments constructed, that both in Europe and America, 
a satellite of Neptune, an object of comparatively incon- 
siderable diameter, has been discovered at a distance of 
2,850 millions of miles. 

The object of an Observatory, erected and supplied with 
instruments of this admirable construction and at propor- 
tionable expense, is, as I have already intimated, to provide 
for an accurate and systematic survey of the heavenly bodies, 
with a view to a more correct and extensive acquaintance 
with those already known, and as instrumental power and 
skill in using it increase, to the discovery of bodies hitherto 
invisible, and in both classes of objects to the determination 

*Herschers Outlines of Astronomy, { 131. 
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of their distances, their times of passing the meridian, their 
relations to each other, and the laws which govern their 
movements. 

Why should ^we wish to obtain this knowledge? What 
inducement is there to expend large sums of money in the 
erection of Observatories, in furnishing them with costly 
instruments, and in the support of the men of science 
employed in making, discussing, and recording, for suc- 
cessive generations, these minute observations of the 
heavenly bodies ? 

In an exclusively scientific treatment of this subject, an 
inquiry into its utilitarian relations would be superfluous, — 
even wearisome. But on an occasion like the present, you 
will not, perhaps^ think it out of place, if I briefly answer 
the question what is the use of an astronomical observatory, 
and what benefit may be expected from the operations of 
such an establishment in a community like ours ? 

I. In the first place, then, we derive from the observations 
of the heavenly bodies which are made at an observatory, 
our only adequate measures of time and our only means of 
comparing the time of one place with the time of another. 
Our artificial timekeepers — clocks, watches, and chronome- 
ters — however ingeniously contrived and admirably fabri- 
cated, are but a transcript, so to say, of the celestial motions, 
and would be of no value without the means of regulating 
them by observation. It is impossible for them under any 
circumstances to escape the imperfection of all machin- 
ery, the work of human hands ; and the moment we remove 
ivith our timekeeper east or west, it fails us. It will keep 
home time alone, like the fond traveler who leaves his heart 
behind him. The artificial instrument is of incalculable util- 
ity, but must itself be regulated by the eternal clock-work of 
the skies. 
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This single consideration is sufficient to show how com- 
pletely the daily business of life is affected and controlled 
by the heavenly bodies. It is they and not our main- 
springs, our expansion balances, and our compensation 
pendulums, which give us our time. To reverse the line of 
Pope, — 

'Tis with our watches as our judgments ; none 
Go just alike, but each believes his own ; — 

But for all the kindreds and tribes and tongues of men, -^ 
each upon their own meridian, — from the Arctic pole to the 
equator, from the equator to the Antarctic pole, the eternal 
sun strikes twelve at noon, and the glorious constellations, 
far' up in the everlasting belfries of the skies, chime twelve 
at midnight; — twelve for the pale student over his flick- 
ering lamp; twelve amid the flaming wonders of Orion's 
belt, if he crosses the meridian at that fated hour ; twelve 
by the weary couch of languishing humanity; twelve in the 
star-paved courts of the Empyrean ; twelve for the heaving 
tides of the ocean ; twelve for the weary arm of labor ; 
twelve for the toiling brain ; twelve for the watching, wak- 
ing, broken heart ; twelve for the meteor which blazes for a 
moment and expires ; twelve for the comet whose period is 
measured by centuries; twelve for every substantial, for 
every imaginary thing, which exists in the sense, the intel- 
lect, or the fancy, and which the speech or thought of man, 
at the given meridian, refers to the lapse of time. 

Not only do we resort to the observation of the heavenly 
bodies for the means of regulating and rectifying our clocks, 
but the great divisions of day and month and year are 
derived from the same source. By the constitution of our 
nature the elements of our existence are closely connected 
with the celestial times. Partly by his physical organization, 
partly by the habit, — second nature, — of the race from the 
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dawn of creatioB, man as he is and the times and seasons of 
the heavenly bodies are part and paroel of one system. The 
first great division of time, the day-night (nychthemerum), for 
which we have no precise synonym in onr language, with its 
primal alternation of waking and sleeping, of labor and rest, 
is a vital condition of the existence of sach a creature as man. 
The revolution of the year^ with its various incidents of 
summer and winter and seed-time and harvest, is not less 
involved in all our social, material and moral progress. It 
is true that at the poles and on the equator, the effects of 
these revolutions are variously modified or wholly disappear, 
but as the necessary consequence, human life is extinguished 
at the poles, and on the equator attains only a languid or 
feverish development.* Those latitudes only, in which the 
great motions and cardinal positions of the earth exert a 
mean influence, exhibit man in the harmonious expansion of 
his powers. The lunar period, which lies at the foundation 
of the monthj is less vitally connected with human existence 
and development ; but is proved by the experience of every 
age and race to be eminently conducive to the progress of 
civilization and culture. 

But indispeusable as are these heavenly measures of time 
to our life and progress, and obvious as are the phenomena 
on which they rest, yet, owing to the circumstance that, in 
the economy of nature, the day, the month, and the year are 
not exactly commensurable, some of the most difficult ques- 
tions in practical astronomy are those, by which an accurate 
division of time, applicable to the various uses of man, is 
derived from the observation of the heavenly bodies. I have 
no doubt that, to the Supreme Intelligence which created 
and rules the universe, there is a harmony hidden to us in 

*Gayot, Earth and Man, p. 231, et seq. 
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tbe numerical relation to each other of days, months, and 
years ; bat in our ignorance of that harmony, their practical 
adjustment to each other is a work of difficulty. The great 
embarrassment which attended the reformation of the cal- 
endar, after the error of the Julian period had, in the lapse 
of centuries, reached ten (or rather twelve) days, sufficiently 
illustrates this remark. It is most true that scientific difficul- 
ties did not form the chief obstacle. Having been proposed 
under the auspices of the Boman Pontiff, the protestant 
world, for a century and more, rejected the - new style. It 
was in various places the subject of controversy, collision 
and bloodshed.* It was not adopted in England till nearly 
two centuries after its introduction at Borne; and in the 
country of the Struves and the Pulkova equatorial, they per- 
sist at the present day, for civil purposes, in adding eleven 
minutes and twelve seconds to the length of the tropical 
year. 

n. The second great practical use of an Astronomical 
Observatory is connected with the science of Geography. 
The first page of the history of our continent illustrates 
this connection. Profound meditation on the sphericity of 
the earth was one of the main reasons which led Columbus 
to undertake his momentous voyage, and his thorough 
acquaintance with the astronomical science of that day 
was, in his own judgment, what enabled him to overcome 
the almost innumerable obstacles which attended its prose- 
cution.t In return, I find that Copernicus, in the very 
commencement of his immortal work,j: appeals to the 
discovery of America as completing the demonstration of 
the sphericity of the earth. Much of our knowledge of the 



* stem's Himmelskunde, p. 72. 

tHtunboldt, Histoire de la geographic, etc. Tom I. p. 17. 

^Copemiciis, de Revolutionlbus orblum coelestium, FoL 2. 
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jBgure» size, density, and position of the earth as a 
member of the solar system is derived from this science, 
and it furnishes us the means of performing the most 
important operations of practical geography. Latitude and 
longitude, which lie at the basis of all descriptive geogra- 
phy, are determined by observation. No map deserves 
the name, on which the position of important points has 
not been astronomically determined. Some even of our 
most important political and administrative arrangement's 
depend upon the cooperation of this science. Among these 
I may mention the land system of the United States, and 
the determination of the boundaries of the country. 

I believe that till it was done by the Federal Govern- 
ment, a uniform system of mathematical survey had 
never in ,any country been applied to an extensive terri- 
tory. Large grants and sales of public land took place 
before the Eevolution and in the interval between the 
peace and the adoption of the Constitution ; but the limits 
of these grants and sales were ascertained by sensible 
objects, by trees, streams, rocks, hills, and by reference to 
adjacent portions of territory, previously surveyed. The 
uncertainty of boundaries thus defined was a never-failing 
source of litigation. Large tracts of land in the Western 
country granted by Virginia, under this old system of 
special and local survey, were covered with conflicting 
claims, and the controversies to which they gave rise 
formed no small part of the business of the Federal Court 
after its organization. But the adoption of the present 
land system brought order out of chaos. The entire public 
domain is now scientifically surveyed before it is offered 
for sale; it is laid off into ranges, townships, sections, 
and smaller divisions with unerring accuracy, resting on 
the foundation of base and meridian lines; — and I have 
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been infonnecl that under this system, scarce a case of 
contested location and boundary has ever presented itself 
in court. The general land office contains maps and plans, 
in which every quarter section of the public land is laid 
down with mathematical precision. The superficies of half 
a continent is thus transferred in miniature to the bureaus 
at Washington; — while the local land offices contain tran- 
scripts of these plans, copies of which are furnished to the 
individual purchaser. When we consider the tide of popu- 
lation annually flowing into the public domain, and the 
immense importance of its efficient and economical admin- 
istration, the utility of this application of astronomy will 
be duly estimated.* 

I will here venture to repeat an anecdote which I heard 
lately from a son of the late Hon. Timothy Pickering. 
Mr. OcTAVius Pickering, on behalf of his father, had 
applied to Mr. David Putnam of Marietta, to act as his 
legal adviser, with respect to certain land claims in the 
Virginia military district, in the State of Ohio. Mr. 
Putnam declyied the agency. He had had much to do 
with business of that kind and found it beset with 
endless litigation. "I have never," he adds, "succeeded 
but in a single case, and that was a location and survey 
made by Gteneral Washington before the Revolution, and 
I am not acquainted with any surveys, except those made 
by him, but what have been litigated." 

At this moment, a most important survey of the coast 
of the United States is in progress ; an operation of the 
utmost consequence, in reference to the geography, com- 
merce, navigation, and hydrography of the country. The 
entire work, I need scarce say, is one of practical astronomy. 



♦See an article on the Public Lands by the author of this Address, American 
Almanac for 18S2, p. 145. 
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But soientiflc elements, like sharp instniments, must be 
handled with care. A part of our boundary between the 
British Provinces ran upon the forty-fifth degree of latitude ; 
and about forty years ago, an expensive fortress was com- 
menced by the government of the United States at Bouse's 
Point on Lake Champlain, on a spot intended to be just 
within our limits. When the line came to be more carefully 
surveyed the fortress turned out to be on the wrong side; 
we had been building an expensive fortification for our 
neighbor. But in the general compromises of the treaty 
of Washington by the Webster and Ashburton Treaty of 
the 9th of August, 1842, the fortress was left within our 
limits.* 

Errors still more serious had nearly resulted a few years 
since in a war with Mexico. By the treaty of Gaudalupe 
Hidalgo, of the 2d of Febraary, 1848, the boundary line 
between the United States and that country was in part 
descrihed by reference to the town of El Paso, as laid down 
on a specified map of the United States, of which a copy was 
appended to the treaty. This boundary was to be surveyed 
and mn by a joint commission of men of science. It soon 
appeared that errors of two or three degrees existed in the 
projection of the map. Its lines of latitude and longitude 
did not conform to the topography of the region ; so that it was 
impossible to execute the text of the treaty. The famous 
Mesilla Valley was a part of the debatable ground, and the 
sum of ten millions of dollars paid to the Mexican govern- 
ment» for that and for an additional strip of territory on the 
southwest, was the smart-money which expiated the inaccu- 
racy of the map ; the necessary result perhaps of the want 
of good materials for its construction. Ten millions of dol- 



• Webster's Works, Vol. I, pp. 110, 115. 



xlii INTBODOTnoy. 

lam wrniUl have (pne a iroo4l way toward the expense of sl 
Nuhonal (ihfiervatory ami of a map of the continent, con- 
utriicUvl with f;ntire accuracy. 

ft \HU\nuu', my official duty, in London, a few years ago, to 
apply to th«; Kriri.sh government for an authentic statement 
ol' tlirir claim tr) juri.sdiction over Xew Zealand. The oflScial 
(lu%4*.ttc for the 2<1 of Octol>er, 1840, was sent me from the 
ForolKii oflii:^;. oh affording the desired information. This 
numiNT of the ()«'i/x>tte contained the proclamations issued 
by I ho licnt<!iiant-governor of Xew Zealand ''in pursuance 
of tlio inHtructi<inH lie received from the Marquess of Nor- 
niHiihy, <iiH5 of Her ^Ijijesty's principal Secretaries of State," 
aNNrrtlng tlio jurisdiction of Iiis government over the islands 
of Now /i*Hlaiid, anil <leclaring them to extend "from thirty- 
four dogHH's lliirly miinitcH north, to forty-seven degrees ten 
luihutoM Houlli latituile." It is scarcely necessary to say, that 
(toutli lutitudo was intended in both instances. This error 
of »i\t> nino ilognH»H of latitude, which would have extended 
Uio ('laini of Uritish juristlictiou over the whole breadth of 
(lio Tarillo. hatl apparently esoa^HHl the notice of that 

U would U* \^»»y to nuiUipIy illustnuions of the great prac- 
k^\^\ Uw|H*rtauw of aiHnu*iito siueutitio designations drawn 
IVsmi H?»llf\^unuUH»l olKsorvaliou. iu various relations connected 
\«UU UmuhU«U>». »ur\A\\5t, and ochec geographical purposes ; 

m V il^uxl »m{KH'iam viojKircutcur. i:i wbivrh ihe services 
V\^Kku\\( l\\ .«.xU\utoai\ ;iiv v\j;ui"\ vVi:^L\v.*i.:oi::>. 1 refer to 

v\^uu»x^ivv .«»H< !».*\»,N;aivM. U 'scocd^ o'v'.:*.^ :o :Iie results 

ui;un\sl xiiyli * \:*»xv cy^i j.vA»it. ^vMrM.-^^t v:'! :ja: of ihe 
:inoum {, l 'i,»\v **vWn -.viii luicu .M :jac jtccuruce 
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in the mind of Oolumbus of his immortal enterprise, and to 
the practical success with which it was coDduct'Cd. It was 
mainly his skill in the use of astronomical instruments, 
imperfect as they were, which enabled him, in spite of the 
bewildering variations of the compass, to fiud his way 
across the ocean. 

With the progress of the true system of the universe 

towards general adoption, the problem of finding the longi- 

tnde at sea presented itself. This was the avowed object of 

the foundation of the Observatory at Greenwich,* and no one 

subject has received more of the attention of astronomers 

than those investigations of the lunar theory, on which the 

requisite tables of the navigator are founded. The pathways 

of the ocean are marked out in the sky above. The eternal 

lights of the heavens are the only Pharos whose beams never 

fail; which no tempest can shake from its foundation. 

Within my recollection, it was deemed a necessary qualiiSca- 

tion for the master and the mate of a merchant-ship, and 

even for a prime hand, to be able to ** work a lunar," as 

it was called, t The improvements in the chronometer 



•Qrant's History of Physical Astronomy, p. 460. 

tThe ftiUowing amosing anecdote is found in Babon Zach's Correspondence AOronO' 
mique, VoL IV, p. 02. It is a part of the Baron*s account of his visit to Cleopatra's 
Mttrge, which entered the harbor of Oenoa in 1817. The Baron was told by the propri- 
etor and commander of the vessel, that his black cook could find the ship's longitude 
by obaervatlon. *** There he is/ said the young man, pointing to a negro at the stern 
of the vessel, in his white apron, with a fowl in one hand, and a dressing-knife in the 
other. *Ck>me here John,' cried the captain, *this gentleman is surprised at your 
calculating the longitude; tell him about it.' Zach. What method do you employ in 
calculating the longitude by lunar distances ? The Cook, It is indifferent to me. 1 
make use of the method of Maskelyne, Lyons, of Witchell, and of BowDircn ; 
but I prefer Dunthorne, with which I am more familiar and which is shorter.' I 
oould not express my surprise at language like this from a black cook, with a bleeding 
fowl in one hand, and a larding-knife in the other." 

Dr. BOWDITCH in early life, was supercargo of a vessel trading to the East. His 
captain, being asked, on one occasion, at Manilla, how he had contrived to find his 
way, in the &ce of a north-east monsoon, by mere dead reckoning, replied, " that he 
had a crew of twelve men, every one of whom could take and work a lunar observa- 
tion as well, for all practical purposes, as Sir Isaac Newton himself, were he alive." 
During this conversation. Dr. Bowditcii sat, " as modest as a maid, saying not a word, 
bat holding his slate pencil in his mouth," while another person remarked that, 
" there was more knowledge of navigation on board that ship, than there was in 
all the veasels that have floated in Manilla Bay."-^ Memoir of Dr Bowditch, by 
Nathavixxi In gebsol Bowditch, p. 29. 
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hare in practice, to a great extent, superseded this laborions 
operation, but Observation lemaina, and unquestionably will 
for ever remain, the only dependence for ascertaining the 
ship's time and deducing the longitude from the comparison 
of that time with the chronometer. 

It may perhaps be thought that astronomical science is 
brought already to such a state of perfection that nothing 
more is to be desired, or at least that nothing more is 
attainable in reference to such practical applications as I 
have described. This, however, is an idea which generous 
minds will reject, in this as in every other department of 
human knowledge. In astronomy, as in everything else, 
the discoveries already made, theoretical or practical, instead 
of exhausting the -science, or putting a limit to its advance- 
ment, do but furnish the means and instrument's of further 
progress. I have no doubt we live on the verge of dis- 
coveries and inventions in every department, as brilliant as 
any that have ever been made ; that there are new truths, 
new facts ready to start into recognition on every side ; and 
it seems to me there never was an age since the dawn of 
time, when men ought to be less disposed to rest satisfied 
with the progress already made, than the age in which we 
live ; for there never was an age more distinguished for 
ingenious research, for novel result and bold generalization. 

That no further improvement is desirable in the means 
and methods of ascertaining the ship's place at sea, no one 
I think will from experience be disposed to assert. The last 
time I crossed the Atlantic, I walked the quarter-deck with 
tlie officer in charge of the noble vessel, on one occasion, 
wlien we were driving along before a leading breeze and 
under a head of steam, beneath a starless sky at midnight, 
at the rate certainly of ten or eleven miles an hour. There 
" "imething sublime, but approaching the terrible, in such 
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a scene; the rayless gloomt the midnight chill, the awfal 
swell of the deep, the dismal moan of the wind through 
the rigging, the all but volcanic fires within the hold of the 
ship ; — I scarce know an occasion in ordinary life in which 
a reflecting mind feels more keenly its hopeless dependence 
on irrational forces beyond its own control. I asked my 
companion how nearly he could determine his ship^s place 
at sea under favorable circumstances. Theoretically, he 
answered, I think* within a mile; practically and usually 
witbia three or four. My next question was, How near do 
you think we may be to Gape Bace? — that dangerous head- 
land which pushes its iron-bound, unlighted bastions from 
the shore of Newfoundland far into the Atlantic, first land- 
fall to the homeward-bound American vessel.* We must, 
said he, by our last observation and reckoning, be within 
three or four miles of Cape Bace. A comparison of these 
two remarks, under the circumstances in which we were 
placed at the moment, brought my mind to the conclusion, 
that it is greatly to be wished that the means should be 
discovered of finding the ship's place more accurately, or 
that navigators would give Cape Bace a little wider berth. 
Still I do not remember that one of the steam-packets 
between England and America was ever lost upon that 
formidable point. 

It appears to me by no means unlikely that, with the 
improvement of instrumental power, and of the means 
of ascertaining the ship's time with exactness, as great an 
advance beyond the present state of art and science in 
finding a ship's place at sea may take place, as was affected 
by the invention of the reflecting quadrant, the calcula- 



• Blnoe the voyage in question was made (in 1845) a light house has been built on 
GbpeBace. 
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Hon of lunar tables, and the improved constraction of 
dironometers. 

In the wonderful versatility of the human mind, the 
improvement, when it takes place, will very probably be 
made by paths where it is least expected. The great 
inducement of Mr. Babbaoe to attempt the construction 
of an engine, by which astronomical tables could be calcu- 
lated, and even printed by mechanical means and with entire 
accuiacy, was the errors in the requisite tables. Nineteen 
such errors, in point of fact, were discovered in an edition 
of Taylob'8 Logarithms printed in 1796 ; some of which 
might have led to the most dangerous results in calculating 
a ship's place. These nineteen errors (of which one only 
was an error of the press) were pointed out in the 
Nautical Almanac for 1832. In one of these errata the 
seat of the error was stated to be in cosine of 14P 18' 3". 
Subsequent examination showed that there was an error 
of one second in this correction, and accordingly in the 
Nautical Almanac of the next year a new correction 
was necessary. But in making the new correction of 
one second, a new error was committed of ten degrees. 
Instead of cosine 14° 18' 2," the correction was printed 
cosine 4° 18^ 2^" making it still necessary, in some future 
edition of the Nautical Almanac, to insert an erratum in 
an erratum of the errata in Taylor's Logarithms.* 

In the hope of obviating the possibility of such errors, 
Mr. Babbage projected his calculating, or, as he prefers to 
call it, his difference machine. Although this extraordinary 
undertaking has been arrested in consequence of the 
enormous expense attending its execution, enough has 
been achieved to show the mechanical possibility of con- 

• Edinburgh Be view, VoL TJX, p. 282. 
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structing an engine of this kind, and even one of £Eur 
higher i>owers, of which Mr. Babbage has matured the 
conception, devised the notation, and exeeated in part 
the drawings, — themselves an imperishable monument of 
the genius of the author. 

I happened dn one occasion to be in company with 
this highly distinguished man of science, whose social 
qualities are as pleasing as his constructive talent is mar- 
vellous, when another eminent savant^ Count SxBZEiiEGKi, 
just returned irom his Oriental and Australian tour, 
observed that he found among the Ghinese a great desire 
to know something more of Mr. Babbagb's calculating 
machine, and especially whether like their own swanpan 
it could be made to go into the pocket Mr. Babbage 
good-humoredly observed that thus far he had been very 
much out of pocket with it. 

Whatever advances may be made in astronomical science, 
theoretical or applied, I am strongly inclined to think that 
they will be made in connection with an increased com- 
mand of instrumental power. The natural order in which 
the human mind proceeds in the acquisition of astronomical 
knowledge, is minute and accurate observation of the 
phenomena of the heavens, the skillful discussion and 
analysis of these observations, and sound philosophy in 
generalizing the results. 

In pursuing this course, however, a difficulty presented 
itself, which for ages proved insuperable, and which to 
the same extent has existed in no other science, namely, 
that all the leading phenomena are in their appearance 
delusive. It is indeed true that in all sciences, superiScial 
observation can only lead, except by chance, to super- 
ficial knowledge; but I know of no branch in which, to 
the same degree as in astronomy, the great leading 
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phenomena are the reverse of true, while they yet appeal 
80 strongly to the senses, that sagadoos philosophers in 
antiquity who eould foretell eclipses, and who discovered 
the precession of the equinoxes, still beUeved that the 
earth was at rest in the centre of the universe, and that 
all the hosts of heaven performed a daily revolution about 
it as a centre. 

It usually happens in scientific progress, that when a 
great fact is at length discovered, it approves itself at 
once to all competent judges. It furnishes a solution to 
so many problems and harmonizes with so many other 
facts, that all the other data^ as it were, crystalize at 
once about it. In modern times we have often witnessed 
such an impatience, so to say, of great truths to be dis< 
covered, that it has frequently happened that they have 
been found out simultaneously by more than one individual. 
A disputed question of priority is an event of very common 
occurrence. Not so with the true theory of the heavens. 
So complete is the deception practiced on the senses, that 
it failed more than once to yield to the announcement of 
the truth; and it was only when the visual organs were 
armed with an almost preternatural instrumental power, 
that the great fact found admission to the human mind. 

It is supposed that in the very infancy of science, 
Pythagoras or his disciples explained the apparent motion 
of the heavenly bodies about the earth, by the diurnal 
revolution of the earth on its axis. But this theory, 
though bearing so deeply impressed upon it the great seal 
of truth, simplicity, was in such glaring contrast with the 
evidences of the senses, that it failed of acceptance in 
antiquity or the middle ages. It found no favor with 
minds like those of Aristotle, Archimedes, Hipparchus, 
Ptolemy, or any of the acute and learned Arabian or 
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mediaeval astronomers. All their ingenuity and all their 

mathematical skill. were exhausted in the development of 
a wonderfully complicated and ingenious but erroneous 

theory. The great master truth, rejected for its simplicityi 

lay, disregarded, at their feet. 

At the second dawn of science, the great fact again 
beamed into the mind of Oopebnigus. ]!^ow, at least, in 
that glorious age which witnessed the invention of printing, 
the great mechanical engine of intellectual progress, and 
the discovery of America, we may expect that this long 
hidden revelation, a second time proclaimed, will command 
the assent of mankind. But the sensible phenomena were 
still too strong for the theory; — the glorious delusion of 
the rising and the setting sun could not be overcome. 
Tycho db Bbahe furnished his observatory with instru- 
ments superior in number and quality to all that had been 
collected before; but the great instrument of discovery, 
which, by augmenting the optic power of the eye, enables 
it to penetrate beyond the apparent phenomena and to 
discern the true constitution of the heavenly bodies, was 
wanting at Uranienburg. The observations of Tycho, as 
discussed by Kbpplbb, conducted that most fervid, power- 
ful, and sagacious mind to the discovery of some of the 
most important laws of the celestial motions ; but it was 
not till Galilbo, at Florence, had pointed his telescope to 
the sky, that the Gopernican system could be said to be 
firmly established in the scientific world.* 

On this great name, my friends, assembled as we are to 
dedicate a temple to instrumental Astronomy, we may 
well pause for a moment. 

There is much, in every way, in the city of Florence to 

__'• ---I iiiii, 

•Itifi another Interesting ooineidence of events in the year 1600, that Kbppxar*8 
works de Motu MarUa and Attronomia Nova, in which his two first laws are propounded, 
appeared in this year. I am indebted for this suggestion to Dr. B. A. Qoctlb. 
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excite the curiosity, to kindle the imagination, and to 
gratify the taste. Sheltered on the north by the vine-clad 
hills of Piesole, whose Cyclopean walls carry back the 
antiquary to ages before the Boman, before the Etruscan 
power, the flowery city (Fiorenza) covers the sunny banks 
of the Arno with its stately palaces. Dark and frowning 
piles of mediseval structure, a majestic dome the prototype 
of St. Peter's, basilicas which enshrine the ashes of some 
of the mightiest of the dead, the stone where Dante 
stood to gaze on the campanile, the house of Michaei< 
Angelo still occupied by a descendant of his lineage and 
name, — his hammer, his chisel, his dividers, his manuscript 
poems, all as if he had left them but yesterday; — airy 
bridges which seem not so much to rest on the earth as to 
hover over the waters they span; — the loveliest creations 
of ancient art, rescued from the grave of ages again to 
'* enchant the world;" — tbe breathing marbles of MighaeIi 
Angelo, the glowing canvas of Eaphael and Titian; — 
museums filled with medals and coins of every age from 
Gybus the younger, and gems and amulets and vases from 
the sepulchres of Egyptian Pharaohs coeval with Joseph, 
and Btniscan Lucumons that swayed Italy before the 
Bomans; — libraries stored with the choicest texts of ancient 
literature; — gardens of rose and orange and pomegranate 
and myrtle; — the very air you breathe languid with music 
and perfume, — such is Florence. But among all its fascina- 
tions addressed to the sense, the memory, and the heart, 
there was none to which I more frequently gave a meditative 
hour during a yearns residence, than to the spot where 
Galileo Galilei sleeps beneath the marble floor of Santa 
Croce; no building on which I gazed with greater reverence, 
than I did upon the modest mansion at Arcetri, villa at once 
and prison, in which that venerable sage, by command of 
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the Inquisition, passed the sad closing years of his life ; the 
beloved daughter on whom he had depended to smooth his 
passage to the grave laid there before him; the eyes with 
which he had discovered worlds before unknown, quenched 
in blindness; — 

AUm^ I qaegli occM si son fatti oflcuri, 
Che yider pi^ di tutti i tempi antichi, 
E luce fur del secoli futuri. 

That was the house "where," says Miltok, (another of 
those of whom the world was not worthy,) "I found and 
visited the famous Galileo, grown old, — a prisoner to the 
Inquisition, for thinking on astronomy, otherwise than as 
the Dominican and Franciscan licensers thought."* Great 
heavens ! what a tribunal, what a culprit, what a crime ! 
Let us thank Gk)d, my friends, that we live in the nineteenth 
century. Of all the wonders of ancient and modem art, 
statues and paintings, and jewels and manuscripts, the admi- 
ration and the delight of ages, — there was nothing which I 
beheld with more affectionate awe, than that poor rough 
tube, a few feet in length, the work of his own hands, that 
very "optic glass" through which the "Tuscan Artist" 
viewed the moon, 

''At evening from the top of Fe8ol6 
Or in Valdamo, to descry new lands, 
Biyers, or mountains, in her spotty globe : " 

that poor little spy-glass (for it is scarcely more) through 
which the human eye first distinctly beheld the surface of the 
moon, — first discovered the phases of Venus, the satellites 
of Jupiter, and the seeming handles of Saturn, — first pene- 
trated the dusky depths of the heavens, — first pierced the 
clouds of visual error, which from the creation of the world 
involved the system of the Universe. 



* Hilton's Prose Works, Vol. I, p. 818. 
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There are occasions in life in which a great mind lives 
years of rapt enjoyment in a moment. I can fancy the emo- 
tions of Galileo, when first raising the newly constructed 
telescope to the heavens, he saw fulfilled the grand prophecy 
of OOPERNIGUS, and beheld the planet Yenus crescent like 
the moon. It was such another moment as that when the 
immortal printers of Mentz and Strasburg received the first 
copy of the Bible into their hands, the work of their divine 
Art ; — like that when Columbus, through the gray dawn of 
the 12th of October, 1492, (Copernicus, at the age of eigh- 
teen, was then a student at Cracow,) * beheld the shores of 
San Salvador; — like that when the law of gravitation first 
revealed itself to the intellect of Newton ; like that when 
Franklin saw by the stiffening fibres of the hempen cord of 
his kite, that he held the lightning in his grasp ; like that 
when Leverrier received back from Berlin the tidings 
that the predicted planet was found. 

Yes, noble Galileo, thou art right, E pur si muove. " It 
does move.'' Bigots may make thee recant it; but it moves 
nevertheless. Yes, the earth moves, and the planets move, 
and the mighty waters move, and the great sweeping tides 
of air move, and the empires of men move, and the world of 
thought moves, ever onward and upward to higher facts and 
bolder theories. The Inquisition may seal thy lips, but they 
can no more stop the progress of the great truth propounded 
by Copernicus and demonstrated by thee, than they can 
stop the revolving earth. 

Close now, venerable sage, that sightless, tearful eye; it 
has seen what man never before saw; — it has seen enough. 
Hang up that poor little spy-glass; it has done its work. 
Not Hersc^el nor Eosse has comparatively done more. 
iVanciscans and Dominicans deride thy discoveries now, but 

* Kopemlk et ses Trayaux, par Jean Czynskl, p. 29. 
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'le time will come, when from two hundred observatories 
n SlmN>pe and America, the glorious artillery of science shall 
'tgbUy assault the skies, but they shall gain no conquests in 
bMe glittering fields before which thine shall be forgotten, 
tilt in peace, great Oolumbus of the heavens, like him 
Wmed, persecuted, broken-hearted; in other ages, in distant 
Unispheres, when the votaries of science, with solemn acts 
iftioonsecration shall dedicate their stately edifices to the 
Mae of knowledge and truth, thy name shall be men- 
ddlied with honor! 

■lit is not my intention, in dwelling with such emphasis 
if(m the invention of the telescope, to ascribe undue impor- 
Mtaoe, in promoting the advancement of science, to the 
iltoease of instrumental power. Too much, indeed, cannot 
Jjb^said of the service rendered by its first application in con- 
Jtaiing and bringing into general repute the Oopemican sys- 
tem ; but for a considerable time, little more was efltected by 
4iie wondrous instrument, than the gratification of curiosity 
•gbd taste by the inspection of the planetary phases, and the 
fiddition of the rings and satellites of Saturn to the solar fam- 
^. Newton, prematurely despairing of any further im- 
provement in the refracting telescope, applied the principle 
of reflection, and the nicer observations now made, no doubt 
hastened the maturity of his great discovery of the law of 
gravitation ; but that discovery was the work of his transcen- 
dent genius and consummate skill. 

With Bradley in 1741, a new period commenced in instru- 
mental astronomy, not so much of discovery as of measure- 
ment. • The superior accuracy and minuteness, with which 



•Dr. BoWDiTCH, in his admirable article in the North American Review, Vol. XX, p. 
nUl The value of Bradley's observations maybe estimated from the labor 
bflitowed upon their reduction by Bessell as late as 1818, in his " Aindamenta astron- 
maim pro anno MDCCLV, deducta ex observationibus viri incomparabilis Jam:^ 
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Ae motions and distances of the heavenly bodies were now 
observed, resulted in the accumulation of a mass of new 
materials both for tabular comparison and theoretical specu- 
ion. These materials formed the enlarged basis of astro- 
uical science between Newton and Sir William; Hee- 
SL. His gigantic reflectors introduced the astronomer to 
ns of space before uuvisited, extended beyond all pre- 
i conception the range of the observed phenomena, and 
it proportionably enlai^ed the range of constructive 
ry. The discovery of a new primary planet and its 
dant satellites was but the iirst step of his progress into 
Tinth of the heavens. Contemporaneously with his 
T\ jns, the French astronomers, and especially La 
ICE, with a geometrical skill scarcely if at all inferior to 
t of its great author, resumed the whole system of New- 
T0», and brought every phenomenon observed since his time 
witbiD its laws. Difficulties ojf iact with wUicb lie stuuggled 
in vain, gave way to more accurate observations, and prob- 
lems that defied the power of his analysis yielded to the 
modem improvements of the calculus. 

But there is no ultima Thule in the progress of science. 
With the recent augmentations of telescopic power, the 
details of the nebular theory proposed by Sir W. Herschel 
with such courage and ingenuity have been drawn in ques- 
tion. Many — most — of those milky patches in which he 
beheld what he mgiirded as cosmical matter, as yet in an 
unformed state, — the rudimental material of worlds not yet 
condensed, — have been resolved into stars as bright and 
distinct as any in the firmameut. I well recall the glow of 
satisfaction, M-ith which on the 22d of September, 1847. 
being then connected with the University at Cambri 
received a letter from the venerable director of the 
tory there, beginning with these memorable we 



USES OF ASTRONOMY. It 

will rejoice with me that the great nebula in Orion has 
yielded to the powers of our incomparable telescope ! • • 
It should be borne in mind, that this nebula, and that of 
Andromeda (which has been also resolved at Cambridge) 
are the last strongholds of the nebular theory."* 

But if some of the adventurous speculations built by Sir 
William Hebschel on the bewildering revelations of his 
telescope has been since questioned, the vast progress which 
has been made in sidereal astronomy, (to which, as I under- 
stand, the Dudley Observatory will be particularly devoted,) 
the discovery of the parallax of the fixed stars, the investi- 
gation of the interior relations of binary and triple systems 
of stars, the theories for the explanation of the extraor- 
dinary, not to say fantastic, shapes discerned in some of 
the nebulous systems, — whirls and spirals radiating through 
spaces as vast as the orbit of Neptnne,t — the glimpses at 
systems beyond that to which our sun belongs, — these are 
all splendid results, which may fairly be attributed to the 
school of Hebschel, and will forever insure no secondary 
place to that name in the annals of science4 

In the remarks which I have hitherto made, I have had 
mainly in view the direct connection of astronomical science 
with the uses of life and the service of man. But a generous 
philosophy contemplates the subject in higher relations. It 
is a remark as old at least as Plato, and is repeated from him 
more than once by Gicebo, that all the liberal art.s have a 
common bond and relationship. ^ The different sciences con- 
template as their immediate object the different departments 



* Annals of the Observatory of Hartford College, p. cxxi. 

t See the remarkable memoir of Professor Alexander, ** on the origin of the forms 
and the present condition of aom* Af <»h of stars, and several of the Nebuise.*' 

^Qonld's AMtnuf^ 

tF6r «a'»^ Ir W. Herschel on the Sidereal 

■yatam.* ' Stbuve, pp. 23-44. 
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enough of itself to redeem the honors of academical parch- 
ment from centuries of learned dullness and scholastic 
dogmatism. 

But the great object of all knowledge is to enlarge and 
purify the soul, to fill the mind with noble contemplations, 
and to furnish a refined pleasure. Oonsidering this as the 
ultimate end of science, no branch of it can surely claim 
precedence of astronomy. No other science furnishes such 
a palpable embodiment of the abstractions which lie at the 
foundation of our intellectual system; the great ideas of 
time, and space, and extension, and magnitude, and 
number, and motion, and power. How grand the concep- 
tion of the ages on ages required for several of the secular 
equations of the solar system; of distances from which 
the light of a fixed star would not reach us in twenty 
millions of years;* of magnitudes compared with which 
the earth is but a football; of starry hosts, suns like our 
own, numberless as the sands on the shore ; of worlds and 
systems shooting through the infinite spaces, with a velocity 
compared with which the cannon ball is a way-worn, heavy 
paced traveler! 

Much, however, as we are indebted to our observatories 
for elevating our conceptions of the heavenly bodies, they 
present even to the unaided sight scenes of glory which 
words are too feeble to describe. I had occasion, a few 
weeks since, to take the early train from Providence to 
Boston; and for this purpose rose at two o'clock in the 
morning. Everything around was wrapt in darkness and 
hushed in silence, broken only by what seemed at that 
hour the unearthly clank and rush of the train. It was 
a mild, serene, midsummer's night, — the sky was without 

a cloud, — the winds were whist. The moon, then in the 

- - 

* NiCHOL's Architecture of the Heavens, p. 100. 
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[ had jnst risen, and the stars shone with a 
) but little affected by her presence. Japiter, 
igh, was the herald of the day ; the Pleiades 
horizon shed their sweet influence in the 
Iqtarkled near the zenith; Andtomeda veiled 
7 diBcovered glories from the naked eye in the 
he steady pointers far beneath the pole looked 
up from the depths of the north to their severely. 
was the glorious spectacle as I entered the train. 
luooeeded, the timid approach of twilight became 
jeroeptible; the intense blue of the sky began to 
, tiie smaller stars like little children, went first 
it; the sister-beams of the Pleiades soon melted 
^er; but the bright constellations of the west and 
remained unchanged. Steadily the wondrous trans- 
ition went on. Hands of angels hidden from mortal 
■hified the scenery of the heavens; the glories of 
.t dissolved into the glories of the dawn. The blue 
now tamed more softly gray; the great watch-stars 
it up their holy eyes; the east began to kindle. Faint 
eaks of purple soon blushed along the sky ; the whole 
lestial concave was filled with the inflowing tides of the 
lOEiiing light, which came pouring down from above in 
•Be great ocean of radiance ; till at length, as we reached 
tbe blue hills, a flash of purple fire blazed out from above 
tiie horizon, and turned the dewy tear-drops of flower and 
leaf into rubies and diamonds. In a few seconds, the eveiv 
■ lastiDg gates of the morning were thrown wide open, and 
tbe lord of day, arrayed in glories too severe for the gaze 
of man, began his state. 

I do not wonder at the superstition of the ancient 
Uagians, who in the morning of the world went up to the 
hill tops of Central Asia, and ignorant of the true God, 
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adored the most glorious work of his hand. Bat I am 
filled with amazement, when I am told that in this enlight- 
ened age, and in the heart of the Ohristian world, t^ere 
are i>ersons who can. witness this daily manifestation of the 
power and wisdom of the Creator, and yet say in their 
hearts, "There is no God." 

Kamerous as are the heavenly bodies visible to the naked 
eye, and glorious as are their manifestations, it is probable 
that in our own system there are great numbers as yet 
undiscovered. Just two hundred years ago this year, 

« 

HuYGHBNS announced the discovery of one satellite of 
Saturn, and expressed the opinion that the six planets and 
six satellites then known, and making up the perfect 
number of twelve composed the whole of our planetary 
system.* In 1729, an astronomical writer came to the 
conclusion that there might be other bodies in our system, 
but that the limit of telescopic power had been reached, 
and no further discoveries were likely to be made-t The 
orbit of one comet only had been definitely calculated. 
Since that time the power of the telescope has been 
indefinitely increased; — two primary planets of the first 
class, ten satellites,^ and forty-three small planets revolving 
between Mars and Jupiter have been discovered, the orbits 
of six or seven hundred comets, some of brief period, have 
been ascertained; — and it has been computed that hundreds 
of thousands of these mysterious bodies wander through 
our system. There is no reason to think that all the 
primary planets which revolve about the sun, have been 
discovered. An indefinite increase in the number of 



* Memoirs of the American Academy of Arts and Sciences, New Series, Vol. Ill, 
p. 282. 

t Admiral Skttk's Celestial Qsrole, Vol. 1, p. IW. 

t This computation of the number of satellites discovered since 1729 assomes six as 
the number of those of Uranus. See J. B. Honys Solar System, p. 175. 
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lay be anticipated; while outside of Neptune, 

ir sun and the nearest fixed star, supposing the 

of the sun to prevail through half the distance, 

om for ten more primary planets, succeeding each 

distances increasing in a geometrical ratio. The 

'lese will unquestionably be discovered as soon as 

orbations of Keptune shall have been accurately 

';— and with maps of the heavens, on which the 

telescopic stars are laid down, any one of them 

-i^Usoovered much sooner.* 

it is when we turn our observation and our thoughts 

4at own system, to the systems which lie beyond it in 

<«TenIy. spaces, that we approach a more adequate con- 

a of the vastness of Greatibn. All analog}' teaches us 

OB sun which gives light to us is but one of those count- 

ienar fires which decli the firmament, and that every 

iAng star in that shining host is the centre of a system, 

let and as full of subordinate luminaries as our own. 

ihese suns, — centres of planetary systems, — thousands 

Visible to the naked eye, millions are discovered by the 

iscope. Sir John Herschel, in the account of his oper- 

ik^ at the Oape of Good Hope, t calculates that about five 

A a half millions of stars are visible enough to be dis- 

itcOy counted in a twenty foot reflector in both hemispheres. 

Ce adds that ** the actual number is much greater, there can 

jd little doubt. His illustrious father estimated on one occa- 

bAt 125,000 stars passed through the field of his forty foot 

peflector in a quarter of an hour. This would give 12,000,000 

for the entire circuit of the heavens, in a single telescopic 

5one ; and this estimate was made under the assumption that 



* liSYBBBisB, Cbmpte Bendu^ 5th Oct., 1S16, p. 659. Proceedings of American Academy 
tf ArU and Sciences, Vol. I., p. 178. 

tBesolta of Astronomical Observations made during the years 1881>8, at the Cape of 
Sood Hope, p. 88L 
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thenebulsB were masses of luminous matter not yet con- 
densed into suns. 

These stupendous calculations, however, form but the first 
column of the inventory of the universe. Faint white specks 
are visible even to the naked eye of a practised observer in 
different parts of the heavens. Under high magnifying 
powers, several thousands of such spots are visible, — no 
longer, however, faint white specks, but many of them 
resolved by powerful telescopes into vast aggregations of 

4 

stars, each of which may with propriety be compared with 
the milky way of our system. Many of these nebulae, 
however, resisted the power of Sir. Wm. Hebsghel's great 
reflector, and were accordingly still reg<irded by him as 
masses of unformed lumttious matter. This, till a few 
years since, was perhaps the prevailing opinion, — and the 
nebular theory filled a large space in modern astronomical 
science. But with the increase of instrumental power, 
especially under the mighty grasp of Lord Eosse*s gigantic 
reflector and the great refractors at Pulkova and Gam- 
bridge, the most irresolvable of these nebulae have given 
way ; and the better opinion now is, that every one of them 
is a galaxy, like our own milky way, composed of millions J 
of suns. In other words, we are brought to the bewildering 
conclusion, that thousands of these misty specks, the greater 
part of them too faint to be seen by the naked eye, are, not 
each a universe like our solar system, but each a " swarm " | 
of universes of unappreciable magnitude.* The mind sinks J 
overpowered by the contemplation. We. repeat the words, 
but they no longer convey distinct ideas to the under- 
standing. 

But these conclusions, however vast their comprehension, I 
Tcarry us but another step forward in the realms of sidereal 



• HuMBOiiST's Ckwmoc, VoL III, p. U, Otte's TranslaUon, 
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asttonomy. A proper motion in space of our sun and of 

the fixed stars, as we call them, has long been believed to 

egdsl;. Their vast distances only prevent its being more 

Jtppaient. The great improvement which has taken place 

j|u instruments of measurement within the last generation, 

|uus not only established the existence of this motion but 

(lias pointed to the region in the starry vault, around which 

ffpx whole solar and stellar system, with it^ myriad of 

f ttendant planetary worlds, appears to be performing a 

jnighty revolution. If, then, we assume that outside of the 

system to which we belong, and in which our sun is but a 

ffian like Aldebaran or Sirius, the different nebulae of which 

jwe have spoken, thousands of which spot the heavens, con- 

.jrtitnte each a distinct family of universes, we must, follow- 

Jupg the guide of analogy, attribute to each of them also, 

ffieyond all the revolutions of their individual attendant 

planetary systems, a great revolution, comprehending the 

.whole ; while the same course of analogical reasoning would 

lead, us still further onward, and in the last analysis, require 

us to assume a transcendental connection between all these 

mighty systems, — a universe of universes, circling round in 

^tlie infinity of space, and preserving its equilibrium by the 

.same laws of mutual attraction,. which bind the lower worlds 

together.* 

It maybe thought that conceptions like these are calcu- 
lated rather to depress than to elevate us in the scale of 
being; that banished as he is by these contemplations to a 
corner of creation, and there reduced to an atom, man sinks 
to nothingness in this infinity of worlds. But a second 
thought corrects the impression. These vast contemplations 



* For popular views of the present state of scljence in the department of sidereal 
aBtronomy, see Sir John Hkrchel's Outlines, part III ; Himmelskunde volksfasslich 
bearbeitet yon M. A. Btebk, pp. 258-319; and Etudes d' astronomie Stellaire, par F. Q- 

W. SiBWB. 
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are well calculated to inspire awe, but not abasement. 
Mind and matter are incommensnrable. An immortal sool, 
even while clothed in this " muddy vesture of decay/' is in 
the eye of Qod and reason, a purer essence than the brightest 
sun that lights the depths of heaven. The organized human 
eye, instinct with life and spirit, which, gazing through the 
telescope, travels up to the cloudy speck in the handle of 
Orion's sword, and bids it blaze forth into a galaxy as vast 
as ours, stands higher in the order of being than all that 
host of luminaries. The intellect of Nbwton, which discov- 
ered the law that holds the revolving worlds together, is a 
nobler work of God than a universe of universes of unthink- 
ing matter. 

If still treading the loftiest paths of analogy, we adopt the 
supposition, — to me I own the grateful supposition, — that 
the countless planetary worlds which attend these countless 
suns, are the abodes of rational beings like man, instead of 
bringing back from this exalted conception a feeling of 
insignificance, as if the individuals of our race were but poor 
atoms in the infinity of being, I regard it, on the contrary, 
as a glory of our human nature, that it belongs to a family 
which no man can number, of rational natures like itself. 
In the order of being they may stand beneath. u&, or they 
may stand above us ; he may well be content with his place 
who is made a little lower than the angels." • 

Finally, my friends, I believe there is no contemplation 
better adapted to awaken devout ideas than that of the 
heavenly bodies ; no branch of natural science which bears 
clearer testimony to the power and wisdom of God, than 
that to whicb you? this day consecrate a temple. The heart 



*For some interesting yiewa of thd controversy which had its origin in the ingenious 
iSuMy **of the Plurality of Worlds," see Professor BADfixr Powxiiii's "Essays on tho 
8k>irit of the InductlTO Philosophy, the Unity of the Worlds, and the Philosophy of 
GteaUon." * 
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• of the ancient world, with all the prevailing ignorance of the 
tme nature and motions of the heavenly orbs, was religiously 
impressed by their survey. There is a passage in one of 
tiiose admirable philosophical treatises of Oigebo, composed 
in the decline of life, as a solace under domestic bereavement 
and patriotic concern at the impending convulsions of the 
State, in which, quoting from some lost work of Aristotle, 
he treats the topic in a manner which almost puts to shame 
die teachings of Ohristian wisdom : — 

"Fraeclare ergo Aristoteles, ^si essent,* inquit, qui sub 
tetra semper habitavissent, bonis et illustribus domiciliis quse 
essent omata signis atque picturis, instructaque rebus iis 
mnnibns, quibus Abundant ii qui beati putantur, nee tamen 
eiissent unquam supra terram; accepissent autem fama et 
soditione, esse quoddam numen et vim Deorum ; deinde 
aliqao tempore, patefactis terrsd faucibus, ex illis abditis 
Kfibos evadere in hsec loca quae nos incolimus, atque exire 
potoissent ; cum repente, terram, et maria, coelumque vidis- 
innt; nabinm magnitudinem, ventorumque vim cognovissent, 
ttpeziasentque solem, ejusque turn magnitudinem pulchritu* 
ftieniqae, turn etid^m efficientiam cognovissent, quod is diem 
afc e rot , toto cobIo luce diffusa ; cum autem terras nox opacas- 
Kl, tarn ooelum totum cemerent astris distinctum et ornatum, 
hnaoqoe luminum varietatem turn crescentis, turn senescentis, 
temmque omnium ortus et occasus, atque in seternitate rates 
Snuniitabilesqne cursus ; haBC cum viderent, profecto et esse 
BeoBi et hsBO tanta opera Deorum esse arbitrarentur." * 
' ••*Nbbly does Abistotle observe, that if there were beings 
irtho had always lived under ground, in convenient, nay, mag- 
iModDt dwellings, adorned with statues and pictures, and 
everything which belongs to prosperous life, but who had 

i|byer come above ground, — who had heard, however, by 

^-^- , _^ 



•CiCEBO de Xatura Deorum, I^Lb. II, ^W). 
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fame and report, of the being and power of the gods, — if at a 
certain time, the portals of the earth being thrown open, they 
had been able to emerge from those hidden abodes to the 
regions inhabited by us ; when suddenly they had seen the 
earth, the seas, and the sky; had perceived the vastness of 
the clouds and the force of the winds ; had contemplated the 
sun, his magnitude and his beauty, and still more his effec- 
tual power, that it is he who makes the day by the diffusion 
of his light through the whole sky; and when night had 
darkened the earth, should then behold the whole heavens 
studded and adorned with stars, and the various lights of the 
waxing and waning moon, the risings and the settings of all 
these heavenly bodies, and their courses fii^d and immutable 
in all eternity ; when, I say, they should see these things, 
truly they would believe that there are gods, and that these, 
so great things, are their works." 

There is much by day to engage the attention of the obser- 
vatory; the sun, his apparent ipotions, his dimensions, the 
spots on his disc, (to us the faint indications of movements of 
unimagined grandeur in his luminous atmosphere,) a solar 
eclipse, a transit of the inferior planets, the mysteries of the 
spectrum ; all phenomena of vast importance and interest. 
But night is the astronomer's accepted time; he goes to his 
delightful labors when the busy world goes to its rest. A 
dark pall spreads over the resorts of active life; terrestial 
objects, hill and valley, and rock and stream, and the abodes 
of men disappear ; but the curtain is drawn up which con- 
cealed the heavenly hosts. There they shine and there they 
move, as they moved and shone to the eyes of Newtok and 
Galileo, of Keppleb and Copernicus, of PtoIiBmy and 
HiPPARCHUS ; yea, as they moved and shone when the morn- 
ing stars sang together, aud all the sons of God shouted for 
joy. All has changed on earth; but the glorious heavens 
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remiun unchanged. The plough passes over the site of 
mighty cities, the homes of powerful nations are desolate, the 
languages they spoke are forgotten ; but the stars that shone 
for them are shining for us ; the same eclipses run their 
steady cycle ; the same equinoxes call out the flowers of 
spring and send the husbandman to the harvest; the sun 
pauses at either tropic as he did when his course began ; and 
sun and moon, and planet and satellite, and star and constel- 
lation and galaxy, still bear witness to the power, the wis- 
dom^ and the love which placed them in the heavens, and 
upholds them there. 
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DESCRIPTION OF THE OBSERVATORY. 1 

Description of the Buildings and Instruments. 

The Dudley Observatory is situated in the northwestern 

portion of the City of Albany, on an elevation, about 150 feet 

above the mean tide in the Hudson Biver. It is distant from 

the flagstaff on the State Capitol 4931 feet, and the bearing 

of the latter is 23° 18' 40" S. W. from the center of the dome. 

The site for the building is probably one of the best that 

could have been chosen in the vicinity of the city ; being 

easy of access, and at the same time sufficiently remote, 

as to be free from every disturbing influence. The horizon is 

clear and unobstructed in every direction, and the position is 

such as to preclude all possibility of interference, if in future 

years, the adjoining lands should be occupied for building 

purposes. 

In the plane of the meridian we have an uninterrupted 
view to the south for more than 12 miles. And we have 
taken advantage of this circumstance in the establishment of 
two meridian marks, distant six and twelve miles respectively. 
In the locating of these marks, I am indebted to the kind 
assistance of Mr. Edmund Blunt, of Brooklyn. To the 
north, the brow of a hill, about one mile distant, affords an 
admirable site for the erection of a stone pier, on which could 
Ihb mounted a small sphere of mercury, like an ordinary ther- 
mometer bulb. This would probably be distinctly visible at 
all times of the day, and would be a fixed point for reference. 
The grounds comprise about eight acres, and include the 
whole of the more elevated i)ortion of the hill, which slopes 
off gradually in every direction. The surface soil is of a yel- 
low loam, or more correctly, moulding sand. In some por- 
tions, at the distance of two or three feet below the surface, a 
bed of sand and gravel is found of about one foot in thickness. 
Beneath this is fine sand interspersed with layers of clay. 
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' The gronnds have been partially laid ont with walks, and 
teveral hundred beautiful shade trees have been planted, in 
litaations best calculated to protect the buildings from the 
influence of the wind. 

The observatory occupies the central and most elevated 
portion of the hill. The dwelling house is situated near the 
main entrance to the grounds, at a distance of 320 feet from 
the Observatory. It is built of brick, and is 42 feet by 50 
feet; being three stories high, with a basement. 

The gas-works, used for manufacturing gas, after the plan 
of Mr. AuBiK, is distant 270 feet, and is about 30 feet lower. 
The Lodge occupied by the Janitor is distant 380 feet, and 
stands 10 feet lower than the observatory. The New York 
Central Bail Eoad, passes around the northeast comer of the 
grounds. During the passage of a train of cars, a slight 
tremor is noticeable when making observations with an arti- 
flcal horizon, or the declinometer. In fact, so delicate is the 
latter instrument, that the comparative amount of the dis- 
tnibance is readily read from the fixed scale, varying from 
(r.25 to 1^5, depending on the distance of the disturbing 
cause. It is even perhaps possible, to determine in absolute 
numbers, the hight of one of these disturbing waves. But 
the problem is one of curiosity, rather than of scientific value. 
From a careful and extended series of observations with 
the Olcott Meridian Circle and the Transit instrument, made 
'especially for this purpose, we have become fully satisfied 
that this tremor has no appreciable effect on the stability and 
a4jnstments of the iniftruments, or on the accura.cy of astrono- 
mical observations. Aside from direct observation, the uni- 
form value of the Level and Azimuth errors, show conclusively 
that the disturbance from this cause is inappreciable ; since 
fliese quantities are as constant, as for any instrument of 
which we have the published records. 
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/. Library, 23 feet 3 inches, by 17 feet 6 ij;iches, with cases 
for books on the east and west sides. 

g. Oomputing Boom, 10 feet 4 inches, by 14 feet. 

ft. Chronograph Eoom, 8 feet 6 inches, by 10 feet 4 
inches. 

i. Cabinet. 

y. Hall leading to the cellar. 

k. Computing Eoom, 10 feet 4 inches, by 14 feet. 

I Sleeping Boom, 8 feet 6 inches, by 10 feet 4 inches. 

m. Cabinet. 

n. Hall, communicating with side entrance. 

0. Clock Boom ; pier for standard sidereal clock. 

p. p\ Collimator piers for Olcott Meridian Circle. 

y j^. Collimator piers for Transit. 
r L t Olcott Meridian Circle piers. 
; f. f. Transit piers. 

z. Bailway track, for observing chair and reversing appa- 
ntns. 

if. Bailway for Transit. 

r. Tom table, for the Olcott Meridian Circle reversing 
appftratns. 

^fa." Side entrances. 

jT. Stairs leading to cellar. 

The stars show the iK)sition of the gas burners. 

Dnectly opiK)site to the front entrance, is a niche cat in the 
biae of the Equatorial pier, in which is placed a bust in mar- 
Ue, executed by Palmer, of the Hon. Charles £. Dudley. 
On the right of the entrance is a marble dial of the magnetic 
Bom-time clock, the i)endulum of which occupies the left of 
!Ae eDtrance. Xear the middle of the east and west sides 
iif ibe hall, are portraits in oil and marble slabs, commemora- 
live of the former director, Prof. O. M. Mitchel, and the 
iHitiiit astronomer, Mr. August Sontag. On the north 
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For turning the dome, a series of toothed cast-iron pla 
having a radius of 11 feet, are bolted fast to the upper hi 
plate, forming an immense contrate cog-wheel, 22 feet 
diameter. A section of this bed-plate and cog-wheel 
shown in the preceding figure ; which also exhibits the g€ 
ing employed for communicating motion to the dome. 

The wheel gearing into the bed-plate is 2 ft. 7 in. 
diameter. This again is geared into a pinion 6 inches 
diameter, carrying a cog-wheel of the same size as the fom 
which again is geared into a pinion of one foot in diame 
to which motion is communicated by means of the en 
wheel. The whole of this gearing is let into the wall ; 
handle wheel alone being on the outside. 

On the inside of the dome, guides are attached to the lo 
bed-plate to keep it in its place, and to prevent its being 
turbed by heavy gales of wind. The openings for the t 
scope are 4 feet wide, extending from 3 degrees beyond 
zenith to as many below the horizon; the entire apert 
being available. The shutters consist of two pairs, one j 
on the side and one on the top. The upper shutters 
opened by means of ropes passing over pulleys on the c 
side, and entering the dome on the sides. They are t 
nearly counterpoised, so that but little effort is necessary 
raise them. The side shutters are^ secured by spring bo 
and are opened from the floor, by raising the bolts by met 
of small cords passing over pulleys. The opening and closi 
is very expeditious, since it requires less than two minutes 
accomplish it. Besides these openings, the dome is provid 
with seven windows, arranged at equal distances apa 
Wlien these are opened, it requires but a few minutes 
equalize the inside and outside temperature, which is a grea 
desideratum in observations on diflBcult objects. Near th 
top of the side opening, a half inch iron rod connects th 
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DESCRIPTION OF THE OBSERVATORY. 9 

two portions together, to secure greater strength and dura- 
bility. It seldom happens that the rod is directly in the field 
of vision, and when it does occur, it makes but little differ- 
ence ; since the amount of light cut off is so small as not to 
be noticable. 

On the outside of the dome, and extending nearly around 
it, is an iron walk and railing ; this is occasionally used for 
making observajtions with the Comet-seeker. Fi;om it we 
have a magnificent view of the city, river, and surrounding 
scenery. 

The foundation pier, for supporting the Equatorial, is ten 
feet square, built of limestone laid in cement. The founda- ' 
tion is twelve feet below the surface of the cellar, resting on 
a bed of coarse sand and gravel. This makes the whole 
height of the pier, to the base of the cap-stone about 40 feet. 
The Equatorial telescope is supported on a block of Lockport 
limestone of the following dimensions : base, 2 ft. 3 in. by 5 
ft. 11 inches ; height, 8 ft. 10 in. on the north side, by 6 ft. 1 
io. on the south. At the height of 6 feet from the base, the 
size is 1 foot by 3 ft. 6 in. The general shape of the pedestal 
will best be understood by reference to the drawing, Plate la. 



The Eqxiatorial Refractor. 

A perspective view of this instrument is seen in Plate la. 
The object-glass was made by Mr. Henry Pitz, of New York 
city ; and is of 13 inches clear aperture. The focal length is 
15 feet 2 inches. The mountings are mostly of cast iron. 
The distance from the object-glass to the center of the polar 
axis is 8 feet; and from the eye end to the same point 7 feet 

» 

2 inches. The center of motion of the telescope, is 10 feet 2 
inches above the floor of the dome. The tube is of mahogany, 
constracted by gluing together narrow strips of about one 
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incli in width. Two wooden rods attached to the sides of the 
tube, by means of a universal joint near the middle or center 
of motion, serve to counteract the flexure, and preserve the 
balance of the instrument. These rods are also used as 
handles by which to direct the telescope. 

The distance from the center of the cast-iron cradle, in 
which the tube rests, to the center of the polar axis, is 19 
inches. The whole length of the equatorial .axis is 6 feet 10 
inches. The telescope is poised with reference to this axis, by 
a brass cylinder attached at its extremity. 

The polar axis is 3 feet in length, and 6 inches in diameter ; 
it is supported on 4 friction wheels 3J inches in diame- 
ter. The bed-plate on which the polar axis rests, is of cast- 
iron 2 feet 10 inches long, 9J inches wide, and one inch 
thick ; this is firmly bolted to the upper surface of the stone 
pier. The iron frame for supporting the telescope is 2 feet 
8 inches long, 8 inches wide, and 2f inches thick. This 
frame is fastened to the bed-plate by 6 steel screws. The 
instrument is provided with the necessary screws, for adjust- 
ing the azimuth and inclination of the polar axis. The lower 
end of the polar axis rests against a strong steel screw, by 
means of which the necessary adjustment can be made. 

The circles for right ascension and polar distance, are each 
20 inches in diameter, made of cast-iron inlaid with a rim 
of brass. They are each read by two verniers, the right 
ascension to seconds of time, and the declination to 20 
seconds of arc. 

Sidereal motion is communicated to the telescope, by means 
of a clock regulated by a fan, and half-seconds pendulum. 

The finder telescope is 34.5 inches focal length, and 2 
inches aperture. 

There are six ne^tive eye pieces varying from a power of 
90 up to 800. 
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The parallel wire micrometer is of the usual form. The 

position circle is 5 inches in diameter, and is read by two 

verniers to minutes of arc. The head of the micrometer 

screw is divided into one hfindred equal parts, each being a 

little less than one-tenth of a second of arc The value of 

one revolution of the screw is ir'.670 at 60° Fahrenheit. 

The micrometer eye pieces are six in number, varying from 
ft power of 100 up to 1000. 

Gas burners, connected with flexible rubber tubes, are at- * 
tached to the pier for illuminating the micrometer wires, and 
for reading the circles. On the south side of the dome, a 
sidereal clock is set in the wall, which can be regulated by 
electrical connection with the standard. Wires are also con- 
nected with the telescope tube, for recording observations on 
the chronograph. 

The Olcott Meridian Circle. 

This instrument is mounted in the east wing of the 
baUding. The foundation of the piers is on a bed of sand 
and gravel, about 10 feet below the floor of the cellar. 
The base, for supporting the piers, is built of limestone laid 
in cement, and is 8 feet 3 inches by 6 feet 3 inches. There is 
a cap-stone placed on the top, with the upper surfiice on a 
level with the floor, of the following dimensions : length, 8 
feet 6 inches ; breadth, 6 feet 5 inches ; and thickness, 1 foot. 
This cap-stone weighs about four and three-quarter tons. In 
the center of the cap-stone, a quadrangular hole is cut, of 15 
inches by 18 inches, in which the artificial horizon is placed. 

The piers on which the instrument is mounted are of Lock- 
port limestone, and are of the following dimensions : base, 
6 feet by 2 feet 4 inches; height, 9 feet 4 inches; size at 
top, 2 feet by 3 feet 6 inches. They are sloping on t^ 
sides ; the curve commencing at the bottom and exte 
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to half the height of the pier. The radius of carvatnre for 
the north and south surfaces is 9 feet, for the inner surface, 
30 feet. 

The weight of each pier is estimated at nearly seven and 
one-half tons. From these dimensions, it would appear that 
they are among the largest in use in any observatory, and 
are probably the largest to be found of limestone. 

There are two collimator piers, one north and the other 
* south, at a distance of 14 feet from the center of the axis of 
the meridian circle. They have a base of 2 feet by 3 feet, 
and are built from the foundation of solid blocks of lime- 
stone, well cut on the upper and lower surfaces, and for tlie 
portion rising above the floor, likewise on the sides. 

The slits for both meridian rooms are 2 feet wide, begin- 
ning at the north and south sides at 5 feet 8 inches above the 
floor. These are provided with six shutters each, four for 
the roof and one for each end. The roof shutters are opened 
and closed by a system of gearing, placed between the roof 
and ceiling, being nearly all hidden from sight. Two vertical 
rods, with cranks attached, are fastened to the inside walls ; 
by turning these cranks the middle shutters are elevated, 
leaving the opening entirely free and unobstructed. Behind 
the coUimator-piers are also vertical shafts by which the 
remaining two shutters are raised. The end shutters are 
secured by spring bolts, and are easily opened by detaching 
a cat^h. It would be impossible to give an adequate idea of 
this machinery without the necessary drawings. We merely 
add, that it is so arranged, that any shutter can be left open 
at pleasure, while the others remain closed; but in open- 
ing, it is necessary to begin with the south middle shutter. 
They are found to be perfectly tight and weather-proof. The 
only objection is the labor necessary to open and close them, 
and their liability to occasionally get out of order. 
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Plate la, is a perspective view of the Olcott Meridian Circle, 
as secQ from the north east. The drawing is on a scale of tV- 

The telescope is of 10 feet focal length, and the objective 
is of 8 inches clear aperture. It was made by Pistor and 
Martins, of Berlin, and completed in 1856. 

The circles are of brass, 36 inches in diameter. The outer 
rim is inlaid with a strip of silver, having a slight inclination 
to the axis, on which are engraved the divisions. They are 
divided to 2' of arc ; every degree is numbered, and every 
half degree and decade of minutes is so marked, that the 
minutes in the field are at once recognized. On the outer rim 
of the circles is engraved every decade of degrees. In regular 
observations these are not used, since the degrees are known 
by the finder circles without the necessity of a second read- 
ing. 

Each circle is read by four microscopes, placed at distances 
of 90^ apart, passing through, and firmly attached to the 
stone piers. The head of the micrometer screws are divided 
into 60 equal parts, and read at once seconds of arc. The 
bisection of the divisions on the circles, is effected by means 
of two parallel wires, separated by a distance of about 20". 
The space between these two wires is bisected by the division, 
when the seconds and tenths are read from the micrometer 
screw-head on the outside. It is our custom to make three 
bisections and readings for each microscope, but only the 
mean, mentally determined, is recorded in the note book. In 
the field of the microscope, there is also a series of notches 
intended to assist the eye in recognizing the proper minute. 
These are not essential, since it is seen at a glance whether 
the minute is even or odd ; and if there should be any doubt, 
the micrometer-head reading will at once decide the point, 
lu the drawing, plate la, the letters a, 6, c, cZ, e, /, g, ft, show 
the position of the microscopes ; only c, d and g, hf are visible. 
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The microscopes are 25 inches in length. They are so 
mounted, however, that the metal tube may expand and con- 
tract from the effect of temperature without disturbing the 
focal distance of the lenses. 

The illumination of the circles, and field of the telescope, is 
effected by gas burners indicated by v, r. These burners are 
placed at a distance of 5 feet 10 inches ftom the extremity 
of the axis. The light for illuminating the circle passes 
through prisms fixed in the stone pier, near the extremity of 
the axis, by which it is directed on a polished silver reflector 
inclined at an angle of 45^, mounted in the outer tube of the 
microscope, by which it is reflected on the limb of the circle. 

It was soon found that these reflectors were liable to tar- 
nish, and absorbed a large proportion of the light. We have 
accordingly removed them, and substituted plain glass mir- 
rors, which never tarnish and give a much better illumina- 
tion. They are a great improvement on the silver reflectors, 
since their adjustments need never be disturbed to polish, as 
is the case with metal. These reflectors or mirrors are per- 
forated in the centre, for observing the limb of the circles 
through the microscopes.' 

The supporting axis of the telescope is 3 feet 5 inches in 
length, and the portions resting on the supporting levers are 
6.4 inches in diameter. The central cube, which is fastened 
to the tube and axis, is 11.4 inches, and the tube and sup- 
porting axis, where they are fastened to the cube, are each 
12.4 inches in diameter. At the objective and eye ends, the 
tube is 8.4 inches in diameter; the axis rests on two steel 
wheels 3.5 inches in diameter, set in the supporting levers y,^. 

The diameter of the pivots is 2.5 inches. By means of the 
counterpoises t, t, nearly the whole weight of the instrument 
is taken off the Y's ; an excess of a few pounds being suffi- 
cient to ke^ it in position. 
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The central cabe is provided with two caps which can be 
WMMsewed at pleasure, leaving an opening of two inches in 
diameter. When the telescope is directed to the zenith or 
nadir, the collimator-telescopes can be adjusted without the 
necessity of disturbing the meridian circle. 

The finder circles o, o, are 10 inches in diameter, and are 
attadied to the sides of the tube near the eye end; they 
aie divided to 30', and are read by means of verniers to T 
of arc 

^ The observing couch «, plate la, is built of wrought iron, 
and is so arranged that the observer can elevate himself to 
any required angle of position while in the act of observing. 

Explanation of Plate la. 

a, J, c, rf, 6, /, flf, ft, Microscopes. 

f, i, Counterpoises. 

Jj ji Supporting arms. 

kf Hand rod for moving the telescope in zenith distance. 

0, 0, Finding circles. 

PjP, Conical pins in the declinometer arm. 

q^ Brass cap on cube. 

r, Turn table, for reversing apparatus. 

«, Observing chair. 

tj Declinometer telescope. 

ti, Declinometer arm, for giving angular motion to the 
small telescope t. 

Vf V, Gas burners for the illumination of the circles and 
wires. 

The illumination of the wires in the focus of the telescope 
is effected by receiving the light on a series of prisms inside 
the tube, after it has passed through the axis, which is perfor- 
ated for this purpose. There are two modes of illumination, 
namely, bright lines on a dark field, and dark lines on a bright 

12 
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field. The amount of the illumination is regulated by means 
of a screw head 6, plate 2, placed near the eye end. There is 
also an independent apparatus, consisting of different colored 
glasses placed on the slide i, plate 1, outside and opposite 
to the ends of the axis. This is not essential, however, since 
the illumination is more easily regulated by the observer, 
at the eye end. In our asteroid and zone work, it was found 
desirable to devise some mode by which the illumination 
could be instantly varied at the pleasure of the observer. 
This has been satisfactorily accomplished by means of a 
simple apparatus, which is made to shut off the whole or a 
portion of the light, depending on the motion of a small 
lever. 

The T-pieces on which the pivots rest are of brass; the 
mode of attachment to the stone pier, will best be understood 
by reference to plate 1, fig. 2, drawn to one-third the full size. 

y, Piece on which the pivots rest. 

/i, A, Set screws, for holding the Y's in position. 

e, 6, flf. Screws for adjusting the level. 

d, Steel guide, resting against the end of the pivot. 

/, /, Screws for adjusting the azimuth. 

The Y-pieces are the same on both sides, with the exception 
that one is a^'ustable in level, and the other in azimuth. 

Plate 1, fig. 1, is a drawing of the spirit-level on a scale 

a, a, the arms carrying the inverted Y's. 

c, the level tube, and divided scale. 

ft, &, handles. 

In the determination of the level error, the meridian circle 
telescope is turned to a horizontal position, and the level is 
hung on the pivots, when the position of the bubble is read 
from the graduated scale. 

The level error is also found in the usual way, by directing 
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the telescope to the nadir and observiDg the reflected image 
of the middle wire. 

Plate 2, exhibits the eye end of the telescope drawn on a 
scale of one-third the full size. 

a, Horizontal micrometer-screw, used in the determina- 
tion of the nadir point, and for measuring the difference of 
declination between close circumpolar stars. 

J, Vertical micrometer-screw, used in the determination of 
the coUimation and level errors. 

c, Screw-head for giving horizontal motion to the eye piece. 

dj Screw-head for giving vertical motion to the eye piece. 

e, Screw-head for regulating the illumination of the wires. 

/,/,/, Screws for a^'usting the collimation. 

The transit wires are nineteen in number, arranged in three 
groups of five each, with two separate ones on each side. 
The distance between the groups is five seconds of time, be- 
tween the wires in each group, 2.5 seconds. 

The vertical micrometer-plate, moved by the screw 6, car- 
nea a single wire, which is put in coincidence with the mid- 
dle wire of the system, when not in use. 

The horizontal micrometer-plate, moved by the screw a, 
carries a system of three equi-distant wires, the middle one 
of which is put in coincidence with the fixed horizontal 
wire. 

The value of one revolution of the screws a and 6 is IS^.TG, 
at 60° Fahrenheit. The integer number of revolutions is read 
from a scale on the outside of the tube, and the fractions, 
from the screw head, which is divided into 100 equal parts. 

Plate 3, shows the apparatus employed for giving slow 
motion to the telescope in zenith distance. 

The scale is i the full size. 

J, Brass frame for supporting the apparatus, firmly at- 
tached to the inner face of the west pier. 



' 
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X, Olamp arm connected with the supporting axis of the 
meridian circle. 

df <l, Oog-wheel gearing, for giving motion to the screw s. 

«, Screw attached to the clamp arm x. 

kf Hand rod connected with the cog-wheel d. 

p^ Pi Small brass drams, on which the cords, supporting the 
weights IT, IT, are wound. 

0, c. Small pulleys. 

The use of the brass drums p^ p^ is to regulate the amount 
of motion of the meridian circle in zenith distance, in zone 
work. 

These drams aie provided with ratchet wheels, so that the 
length of the cord left free to move can be regulated at 
pleasure. 

2, Support for the hand rod ft. 

Plate 4, shows a portion of the inside face of the west pier ; 
scale, iV the full size. 

ji Arm for supporting the telescope, showing the manner 
of resting the axis. 

z^ Clamp. 

m, Hand rod for tightening the clamp x on the axis. 

a, b, c, dt Microscopes. 

Plate 5, shows the inside face of the west pier, on a scale of 
iV the full size. 

a, &, c, dj Microscopes. 

kj kj Hand rods for giving slow motion in zenith dis- 
tance. 

2, If Support for the rods k, k. 

Plate 6, is a vertical and horizontal view of one of the colli* 
mators, drawn on a scale of i. 

The stone piers on which are mounted the collimator tele- 
scopes have an elliptical hole cut in the cap stone, in which 
the frame supporting the telescopes is placed. The frame is 
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of cast-iron and rests on an iron foundation, by means of the 
three steel screws e, c, e, having conical points. By turning 
these screws the telescope can be elevated or depressed at 
pleasure. They also serve to a^ust the level of the instru- 
ment. 

d, a, Screws for moving the frame carrying the telescope 
east or west. 

ly Ij Screws for adjusting in azimuth. 

y, y^ Y's in which the telescope rests. 

d, dy Set screws for clamping, when the necessary a^'ust-* 
ments have been made. 

The collimator telescopes are of twenty-six inches focal 
length, and two inches clear aperture. 

The portions resting in the Y pieces are cylindrical, and can 
be revolved so as to occupy any position. 

The wires in the focus of the telescope are four in number, 
forming a square. They are attached to a plate which can be 
moved by four small screws on the outside of the tube. 

When observations are to be made with them, the Olcott 
Meridian Circle is directed to the nadir, and the caps 9, 9, are 
taken off, which enables us to view the wires of one collima- 
tion by the other. They are brought in coincidence by mak- 
ing the necessary adjustments. The illumination of the wires 
is effected by means of gas burners placed behind the eye end. 
In day light, observations by the gas light can be dispensed 
with, but it is considered preferable to the sky light, since a 
better definition is secured. 

The piers of the meridian circle, as well as those for the 
collimators, are covered with heavy woolen cloth and cased 
in wood ; the better to protect them from sudden changes of 
temperature. 

The meridian circle telescope is reversed by lifting it out 
of its Y's, by means of the reversing apparatus, fig. 1, and 
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In making observations on the sun, the telescope is pro- 
tected from the direct rays by means of a large screen, having 
an aperture in the center, placed in. front of the instrument. 
Suitable mechanism is provided for giving the screen the 
desired elevation and angle of position. 

For reflexion observations there is a separate iron track, 
laid about six inches below the surface of the floor, on which 
is placed an iron carriage, supporting a basin of mercury. 
This track is disconnected from the floor of the room, for the 
purpose of securing greater steadiness for the mercury sur- 
face. 

In nadir and reflexion observations, the eye end of the tel- 
escope is reached by means of a pair of high wooden steps, 
mounted on wheels and running on the iron railway. When 
not in use, these steps are taken off the track and placed in 
one comer of the room. The ceiling of the room is entirely 
of wood, so there is no danger of loose plaster dropping upon 

* 

the instrument. 

Magnetic " make " circuit keys are attached to the north 
and south sides of the west pier, for making observations 
by the magnetic method. The clock for indicating the time 
of transit is set in the wall, nearly opposite the east pier. 
It is an ordinary one beating seconds, arranged with an 
electro-magnet placed near the center of oscillation, for put- 
ting it in sympathetic vibration with the standard sidereal 
clock. As observations by the eye and ear method are never 
made (as we prefer the chronographic for circumpolar stars), 
the magnetic mode of regulation is seldom used ; since it is 
found to occasion less trouble to set the clock when neces- 
sary, than to keep the battery in order, besides the saving 
of battery elements. 

The object glass is found to give a very clear definition, 
and is almost exclusively used with the full aperture. 
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The Transit Instrument 

This instrument was made by Pistob & Mabtiks of Ber- 
lin, and was mounted in the west wing, in the month of 
January, 1863. 

The foundation on which the piers rest, is precisely the 
same as for the Olcott Meridian Circle. The piers are of 
Lockport limestone of the following dimensions : base 2 feet 
by 4 feet; height 7 feet 7J inches; size at the top 1| 
by 2 feet. The weight of each pier is estimated at nc 
four tons. 

Plate Ilia, is a i)erspective view of the Transit, as 
from the south-west, drawn on a scale of tw the full 
In its principal features is similar to the Olcott Meri 
Circle. The focal length of the telescope is 8 feet, anc 
objective is of 6f inches clear aperture. The defining p 
of the object glass is excellent. The rays from a bright 
are very short, and are symmetrically distributed an 
the center. 

It is provided with two circles, which are two feet in d 
eter, and are constructed on the plan best adapted to si 
permanence of figure. The radii, or spokes, are in the : 
of a triangular prism, which gives the greatest strength 
the least expenditure of metal. 

As it was originally intended to attach the Declinon 
apparatus to this instrument, one of the circles is undivi 
and the other only divided to single degrees. If it sh 
ever be deemed advisable to complete the divisions, we w 
have in it an admirable meridian circle. 

The supporting axis is 3 feet 5 inches in length, resting 
steel wheels set in the arms j\ j. The pivots are 2.5 inchi 
diameter. The Y-pieces, on which the pivots rest are slig 
different from those of the meridian circle. They are st 
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after the plan of a ** slide-iest ;" one is a^ustable in azimntli 
and the other in level. 

The finding circles o, o, are 10 inches in diameter, divided 
to 20 minutes and read by means of verniers to 30^ of arc* 
The transit wires are arranged in the same manner as for the 
meridian circle, with the exception that the interval between 
the groups is 6 seconds, and between the wires of the group 
3 seconds of time. The eye piece has motion only in a hori- 
zontal direction. There is a single micrometer screw 9, for 
giving motion to the vertical wire, used in the determination 
of oollimation and level errors. The illumination of the wires 
in the focus is effected by the gas burners t?, v^ that designed 
for the illumination of the field entering by one pivot, and 
that for the threads by the other. The amount of the illumi- 
nation can be regulated with the nicest precision, by means 
of the screw-heads h, i, near the eye end. 

Explanation of Plate Ilia. 

a, is a screw-head for giving horizontal motion to the eye 
piece. 

«, is a screw-head for giving motion to the vertical micro- 
meter wire. 

it If are screw-heads for regulating the amount of illumina- 
tion. 

0, 0, are the finding circles, 
n, n, is the clamp apparatus. 

m, is the hand rod for tightening the clamp on the axis. 

1, is one of the brass arms for moving the telescope in 
zenith distance. 

jjj are the supporting arms, on which the axis rests. 
i, i, are lead cylinders, enclosed in brass, for relieving the 
pivots of the greater part of the weight of the instrument. 
1^, 1^, are gas burners for illuminating the wires. 

13 
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c, is a brass cnp, for holding the lamp when making obser- 
vations in the nadir. 

t, tf is an iron railway, for the observing chair and revers- 
ing apparatus. 

The telescope is reversed by placing it on an apparatns, 
precisely similar to that used for the meridian circle, fig. 1, 
and carrying it to the north until midway between the colli- 
mator and transit piers, when it is revolved through 180^, 
and placed in the Y's in a reversed position. The mode of 
reversal for both instruments is quite expeditious ; since in 
the observation of Polaris we readily reverse between the 
groups, without the loss of a wire. 

The spirit level is exactly like that used on the meridian 
circle. Advantage has been taken of this circumstance, in 
the employment of both levels on the same instrument for 

the better determination of the level error. 

■> 

The ComeUseeJcer. 

The Oomet-seeker was made by Alvan Glabe, of Boston, 
and is of 3 feet 6 inches focal length, and 4 inches clear 
aperture. The following is a perspective view of this instru- 
ment. 

It is equatorially mounted, and is provided with right 
ascension and declination circles, of five inches in diameter, 
the former .divided to two minutes, and read by a vernier to 
four seconds of time, the latter to half degrees and read by a 
vernier to minutes of arc. 

It is arranged with the necessary adjusting screws for lev- 
eling and bringing the polar axis in the plane of the meridian. 
There are are two negative eye pieces, and one ring-microme- 
ter. It is principally used in searching for new comets, and 
for finding those already discovered. 
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The Comet-seeker. 
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The Chronograph. 

The invention of the magnetic method of xecording transita 
opened a new era in the science of astronomy. It is probably 
one of the most important steps in improving instrumental 
astronomy, that has been made daring the last half centur}% 

Previous to the introduction of this method, various plans 
were adopted for noting the time of any phenomenon. The 
observer in recording the time of transit of a star across the 
wires of his telescope, listened to the beats of a clock, placed 
in a convenient position, and by counting the seconds and 
estimating the interval between two successive beats, determ- 
ined the moment when the transit took place. This method, 
which requu*ed great skill in the estimation of the intervals 
of time elapsing, was, under the most favorable circum- 
stances, but an approximation. By the new plan an inexpe- 
rienced person will learn to record transits, in a single night, 
with greater precision than the most accomplished observer, 
after years of practice, by the old eye and ear method. Aside 
from the mere recording of the transits, the new method has 
other and more important advantages. In order to make 
the beats of the clock distinctly audible, it was necessary to 
apply a greater amount of weight, which acted very injuri- 
ously on the going, or rate of the clock. During high winds, 
or when there was noise about the building, the observer 
would sometimes, in the most critical observations, find it 
next to impossible to observe at all, and when he did succeed , 
there was often uncertainty regard! ng the integer number of 
seconds. 

The "Journeyman Clock," constructed to give a loud beat, 
was used for a time,. but the difficulty of causing it to keep a 
fixed rate for any considerable period, caused it soon to be 
abandoned. Sometimes two persons were employed to make 
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>MffTatioD8; in such case, one watched the dock or 
•meter, and the other, at the proper moment, called out 
*' or the like, Trhen the assistant would note the time 
;«d. One of the great soarces of error by all of these 
Is, was in the uncertainty of the personal equation. 
itaty was so great in some insttmces, as to amount 
[ole second of time. By the new method we get rid 
f all these sources of error; the observer bas only to 
I attention to the moving object, and as it crosses 
. press a koy and the record is complete. The per- 
■ation is oot wholly elimiuated, however, but is 
^ithin much smaller limits, and is less liable to 

1 of Chronograph was the first ever constructed, 
inventor, Prof. Mitohel, was among the first t« 
I magnedc method, it will be desirable to giye a 
ns of the origin and application of electricity to 
I observation. 

S facts have been derived from a report made 
I. Walker, in 1851 ; published in the 1st vol. 
Barvard Observatory, and front other publica- 
p.eata: 

lalvauic clock of Whbatstonb, where the 
t to make and break the electric circuit, by 
fc attached to the escapement wheel arbor. 

bVanic clock of Steinheil. 

He 9th. First experiments for determining 
~T the electric telegraph, made by Oapt. Charles 
S. N. "The apparatus used this evening was 
Bonstructed by Joseph Saxtox, Esq." 
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4tb. 1846. Oct. 10th. Star signals exchanged between 
Washington and Philadelphia, by noting the signals. 

5th. 1847, July 27th. Ooincidence of beats of standard 
sidereal chronometers, tried between Philadelphia and Jersey 
City, by Mr. Walker, Prof. E. O. Kendall, and Prof. E. 

LOOMIS. 

6th. 1848. July and Aug. Ooincidence of star and clock 
signals exchanged between Harvard Observatory and New 
York, by Mr. Walker, Prof. W. 0. Bond, and Prof. E. 
LooMis. " During these experiments. Prof. Bond conceived 
the idea of using an automatic circuit interrupter ; and one 
was ordered for the U. S. Ooast Survey." 

7th. 1848. Oct. 26th. Prof. O. M. Mitchbl, at the sug- 
gestion of Mr. Walker, prepared a circuit interrupter which 
was attached to an ordinary eight day clock, and used it to 
graduate the running fillet of paper for several days. 

"This method had. been proposed by Joseph Saxton, in 
1846 ; but was not adopted, from* apprehension of injury to 
the astronomical clock," * 

8th. 1848. Oct. 26th. " Dr. J. Locke having stated his 
objections to Mr. Bond's contrivance of a circuit interrupter, 
was requested by Mr. Walker, in behalf of the Ooast Sur- 

• ■ ■ * 

vey, to . undertake experiments to obviate the supposed 
defects. These we know do not exist." 

9th. 1848. Ifov. 17th. Dr. J. Locke caused a clock to 
record its beats on a fillet of paper, as delivered by a Morse 
register. 

10th. 1849. Jan. 19ta. "First actual experiments of 
automatic imprint of star signals on a Morse register between 
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Ginciiinati and Philadelphia, by Mr. Walker, Dr. Locke 
and Prof. Kendall." 

llth. 1849. Jan. 23d. Longitudes of Oambridge, New 
York and Philadelphia determined by star transit signals. 
" The arrangements were under the charge of Mr. Walker. 
The circuit breaking clock was prepared by Mr. Walker, on 
Dr. Locke's plan, and located at Philadelphia." 

" The same clock contained a tilt-hammer interrupter, for 
making signals by the teeth of the hour wheel every two 
minutes. This instrument was invented in the year 1847, by 
J. J. Speed, Esq., President of the Telegraph Company, 
Detroit, Mich." 

12th. " The detection of a delay in the transmission of the 
?:alvanic inducing wires, proportionate to the space traversed, 
was made by Mr. Walker immediately after examining and 
comparing together the register of the four stations." 

13th. 1849. April. Prof. Mitchel constructed his revolv- 
ing disk. 

Uth. 1849. July 20th. Mr. SAXtON completed his revolv- 
ing cylinder. 

15th. 1850. April 12th. Mr. W. 0. Bond submitted a 
model of his revolving cylinder. 

The following drawings will exhibit the chrouographic 
mechanism in detail. 
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Eig; (2) is a horizontal sectional view of the same, both 
drawn to i the f nil size. 

Fia (2.) 




Fig. (3) is a sectional view of the mechanism, for regulating 
tbe motion of the revolving disk by means of the standard 
sidereal clock. It also shows how the ** tripping " is accom- 
plished. 

Fia. (3.) 




The following is the explanation of the mechanism. The 
letters are same on all the drawings : 

a. 90-tooth wheel, attached to the barrel axle h to which 
the driving weight is applied. The office of this wheel is to 
regnlate the motion of tbe revolving disk, /, or rather to 
maintain a motion of stable eqnilibriiim. 

14 
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• h. Barrel for the cord, to which the driving weight is at- 
tached. 

c. Bevelled cog-wheel, carried by the barrel h. 

d. Bevelled cog-wheel, gearing into c, and attached to the 
vertical shaft e. 

e. Vertical shaft, supporting the revolving disk/. 

g. Cog-wheel attached to the shaft e, and geared into the 
pinion h. 

t. Vertical axle, to which is attached the pinion A, and the 
cog-wheel j. 

j. Oog-wheel attached to the axle i, and geared into the 
pinion Tc. 

I Vertical axle, to which is attached the pinion fc, and 
cog- wheel m. 

m. Oog-wheel gearing into the pinion n. 

0. Vertical axle to which is attached the pinion n, and 
supporting the Fraunhofer friction balls j) }). 

q, q. Brass arms, to which are attached the friction balls p,py 
by means of the springs r, r. 

s. Conical brass box, in which the friction balls p, p revolve. 

The balls j>, p, in revolving rub against the inside surface 
of the conical box s, 

t. Screw for raising or depressing the balls p, p. This 
screw serves to regulate the motion of the revolving disk. 

te u. Brass box inclosing the mechanism. 

V, V. Cast-iron frame for supporting the whole apparatus. 

Wy w. Iron railway track. 

X, X. Fig. 2. Batchet wheels inserted between the cog- 
wheel c, and barrel &» to prevent sadden jerks in the motion 
of the disk/. ^ ,. ■ 

z. Fig. 3. Escapement, offiRited by the electro-magnet y, 
servin.ij: to k(M>»» ♦^^ 'otionof the disk in a state of stable 
e(p'''" 



DESCRIPTION OF THE OBSEEVATORT. 33 

The electro-magnet y, is operated by the staodatd udereal 
clock, and "beata" once every two seconds. If the disk 
levolves too rapidly, the escapement holds it back, if too 
slowly, it is accelerated. When the motion is properly regu- 
lated by the screw t, the escapement has bnt little work to 
perform. It was found, that the Fraunhofer friction balls 
alone, would not give motion sufficiently uniform. 

A perspective view of the Ohronograph complete is seen in 
8g- «)• 
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A, A, is a 8taud on which rests the whole mechanism. 

B, 0, D, electro-magnets, which operate the recording pens 

(i)» (2), (3). 

The electro-magnets B, 0, D, and the pens connected with 
them, are fixed to the stand A, A. The revolving disk/, and 
the machinery connected with it, is free to move on the rail- 
way track, TT, TT. 

The disk /, on which the observations are recorded is 22 
inches in diameter, and makes a complete revolution onee 
every minute. At the end of every revolution, or between the 
fifty-ninth, and sixtieth second, as recorded by the standard 
sidereal clock, it moves back the 0.07 of an inch. This is 
accomplished by means of three small steel pins of different 
lengths inserted in the side of the escapement-wheel a, Fig. 3, 
at distances of 120^ apart. These pins, marked o, Cq, c,, suc- 
cessively elevate the steel dogs d^ d^ d, as shown in figure 
(3), detaching them from the ratchet e; when the disk is 
drawn back by means of the weight, F, the cord of which 
passes over a pulley attached to the stand, in the rear. 

This motion of the mechanism we designate " tripping.'* 

It is not important that the *'trip*' should take place 
between the fifty-ninth and sixtieth second, but is rather more 
convenient that this should be the case. If the disk is not 
started at the proper time to fulfil this condition, it is only 
necessary to mark the time when it does occur, by observing 
it through a complete revolution. In our every day work, we 
are not particular as regards the time of tripping. 

The pens (1), (2), (3), are flexible metallic arms; and can 
be adjusted to make their record exactly in the center of the 
disk/. For this purpose they are made in two pieces ; being 
held together by set screws. For one of the i>ens, we use a 
metallic point, for the other ordinary lead pencils. 

The wires attached to the electro-magnet B, pass to the 



\ 
\ 
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hatteiy, thence to the standard sidereal dock. Those at- 
tached to the electro-magnets 0, D, pass through the battay, 
and thence are connected with the various observing instru* 
ments. The pen (2) is used for recording the Olcott Meridian 
Circle observations, and for comparison of the clocks. The 
pen (3) is used for recording the Transit observations, and 
those made with the Equatorial. 

The wires are so arranged, however, that by simply turning 
a key, either of the two pens can be used with all the instru- 
ments* 

The pen (1) operated by the electro-magnet B is called the 
'^time*' pen, and is used exclusively for recording the oscil- 
lations of the pendulum of the standard clock ; its records 
being made once every two seconds. As we use the ^^ make" 
circuit our records will be in the form of dots or punctures ; 
since at every revolution, the disk '' trips" or moves back, the 
'' time pen " dots will be in concentric circles about tlie cen- 
ter, and straight lines or radii, reckoned from the center out. 
The recording pens (2), (3), are adjusted so that their dots fall 
between two of these concentric circles. 

We employ two batteries, one for operating the time pen, 
and one for the recording pens. After trying batteries of 
various kinds, we finally adopted that of Daniell, as being 
the most economical and best adapted to the wants of an 
observatory. Its greatest advantage, consists in being always 
ready, when we wish to make chronograpbic records. Under 
favorable circumstances, it will maintain sufficient power ^r 
two or three months without cleaning ; it only being neces- 
sary to add a little water and sulphate of copper^ every two 
or three weeks, to supply the necessary waste. 

This mechanism ip exceedingly simple, and is not liable to 
get out of order ; since it will usually run a whole summer 
without changing the adjusting screw U Ikiring the winter 
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season it does not perform as well, owing to the great change 
of temperature to which it is exposed ; being located in the 
northwest comer of the transit room. It might perhaps be 
improved by causing the escapement z z^ to regulate at 
shorter intervals, viz., every half second; or, what would be 
better still, apply a conical pendulum which should act con- 
tinually. 

When the disk is started (we use for our records about 8 
inches of the radius, which gives us two hours of right ascen- 
sion), the zero of the clock is marked, as also the hour and 
minute. As these concentric circles are one minute apart, 
the other minutes are marked after the observations are com- 
plete. 

Every alternate oscillation of the standard sidereal clock 
pendulum, is recorded on the chronograph, by causing a deli- 
cate wire cross, to plunge a platinum point in a small mercury 
cup. 

This mechanism is shown in fig. (5), where P is the pendu- 
lum, e the wire cross, and a a block to which the cross and 
mercury cup are attached. The cross is supported on an axis, 
and is slightly over-balanced. When the magnetic con- 
nection is broken, it occupies the position as shown in the 
figure. The total effect of this connectioni on the rate of 
the clock, is about two seconds per day. But after the clock 
is regulated with the connection on, it has but little variable 
effect on the rate. It is our experience, that a clock will not 
perform as well with a magnetic connection, as when allowed 
to run free. It is probably impossible to devise any \pethod, 
for "making" or "breaking" the circuit, without, in some 
degree, interfering with the rate of a time keeper. 

In the first experiments with magnetic connections. Prof. 
MiTGHEL connected this cross with the pendulum by means 
of a delicate spider web. In this case, the cross was con- 
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Fia. (5.) 

<Jl It) 4^ir«ik'( >•' 
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stantly acting on the pendulum, while with the present 
method the pendulum is disturbed only for 0.1 or 0.2 of a 
second, during a double oscillation. Both methods are 
equally good, with perhaps the exception, that the spider web 
is liable to be broken. We have also recently employed a 
solid connection on sidereal clock No. 2. The connection was 
made by causing the cross to press on a fine platinum spring. 
We have also used two platinum springs, but in neither case 
were the records so regular as with the mercury connection. 

It was found from long exi)erience, that when the mercury 
cup in which the platinum point dipped was small, the 
oxidation of the mercury had an effect on the rate of the 
clock ; because when the mercury was oxidized the surface 
would become lower, and the pendulum would not meet with 
the same resistance. This trouble has been entirely removed 
by using a large reservoir of mercury, so that the oxidation 
will not have a sensible effect on the hight, for a whole year 
or more. 

The sheets for receiving the records of the clock and obser- 
vations are prepared befosehand, by pasting a sheet of paper 
over a wooden hoop. The paper being put on in a moist 
state, when it becomes dry, it is stretched like a drum head. 
When ready for use, the disk / is moved back, so as to stand 
clear of the pens (1), (2), (3), when the prepared sheet is placed 
over it, taking care to press it down until it lays smoothly on 
the disk /• This method is very expeditious ; since a sheet 
holding observations, can be taken off, and replaced by 
another, in less than one minute. 

The observation records are converted into numbers, by 
means of an angular micrometer. This instrument is shown 
in fig (6), where a and h are brass arms or radii free to move 
about the center c. To the arm a, is attached the arc jr, which 
is divided to read hundredths of seconds when applied to the 
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obsHTBtion disk. At d there is a magnifyiog glass, baving 
two lines at right angles, marked on its under side. This 
glass is &ee to slide on the arm h. At «, there is a small eye 
glass for reading the diviMons ; it is not nsed, however, in onr 
ordinary work. When we wish to measure np the obserra- 



Fia. (ft) 




tions, the record sheet is taken off the Chronograph and 
placed on a disk inclined at an angle of 45°. This disk has a 
Teitical pin in its center, which carries the angnlar micrometer, 
by passing it through the opening at c. The sheet having 
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t>een nmAed, the index is moved, ootil its liues ooincide with 

he drcla of minntes, on wbicli tlie records are found. Tbo 

nnKistbeD moved to the zero of the arc j; after which, the 

time" dot is hisected by the index d. The aFtD a, being 

in that position, b is moved out, nntit the index d bisects 

obsOTvation dot, when the fractions of a second are read 

a the arc By uieaus of a vernier at e. wo can read one- 

rter of a linndredth of a second, but it is only for special 

tbat we emiiloy the vernier. 

this apparatus we measure up the observations very 

'. An experienced person will measure up, to the 

adcedtta of a second, as fast as another can take down the 

adiogs; or in other words, a transit of 15 wires is usually 

•asored up in one minute. 

Plate 7, is a "fac simile " eojjy of a portion of a chrono- 
graphlc sheet, showing the manner in which the observations 
are recorded. We have before stated, that this sheet or disk 
is 22 inches in diameter, hut only 8 inches of the radius is 
used for the record of the observations. The right lines or 
radii, are two seconds in time apart. Hence, having marked 
the zero of the clock on one of the lines, all the others are 
known ; and they are accordingly marked 0, 2, 4, 6, 8 seconds, 
etc. The hour and minute arc found marked on the line of 
seconds, and since the concentric circles of dots are one 
minute apart, it is readily seen how all the others are 
known. 

The 1st object recorded was the star I Leonis, and the 1st 
wire, which is always designated by two dots, was observed at 
10^ 42™ 49".77 ; the 2nd at 52'.15, and the 5th at 43™ OO-.Oa. 
The hour and minute are found on the line of 00 seconds. 
The 5th wire lies between the 42iid and 43rd minute, and as 
wer "time" dot is employed to determine the minute, 
"ust be on the 43rd. The "trip" having occurred 
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at the 40th second, the wires 1, 11, III, and lY are on the 
42nd mmute. 

The integer seconds are read from the bottom of the sheet. 
The 1st wire is found between the 49th and 50th second ; the 
fractional part being measured by the angular micrometer. 

N^ear the bottom of the sheet is found the star ^ Leonis. 
The following is the record of the 1st six wires, I., 11** 42°* 
50^.29; n, 52.«85; in, 55-.49; IV, 58.-04; V, 43» 00*.61; VI, 
05».79. 

The examination of this sheet, readily shows how the records 
are converted into numbers. In our regular work, the num- 
ber of the wire is not marked, only the name of the object 

The zero of the standard clock is recorded on the disk, by 
tapping with the key six times, immediately following the 
seconds. The hour and minute is also recorded by tapping a 
certain number of times, immediately after the six dots are 
struck. On this sheet, the zero was recorded at lO** 37° OO'. 
The 3 and 7 dots, immediately following the 6, indicate 37 
minutes, and the single dot on the right, 10 hours. 

In the reduction of our zone work in 1864, it occurred to 
me that much time and labor might be saved, provided we 
could at once read from our sheets the mean right ascension 
for the beginning of the year, or any other epoch. This was 
readily accomplished by a slight modification of the angular 
micrometer. The divided arc gr, was increased to read a little 
more than 3 seconds, and the fine screw/ was attached, as 
shown in fig. (6). 

The nature and operation of this plan will be best under- 
stood by an example. 

Reduction for Zone observed Nov. 16th, 1864, to 1863.0. 

Clock error, from « Piscium and / Piscium, at Oh sid. time 
= — 16«.31 ; clock rate hourly = — 0«.06. 
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8id.T. 


Bed. for Clock. 


Bed. for Wire. 


Free. 


0* 0" 


+ 16'.31 


+ 30'.ll 


— 3^.07 


30 


+ 16.33 


+ 30.11 


— 3.07 


1 00 


+ 16.36 


+ 30.11 


— 3.07 


1 30 


+ 16 .38 


+ 30.11 


— 3.07 


2 


+ 16 .41 


+ 30.11 


-3.07 



Red. to Mean 
Place. 

— 4'.00 

— 4.14 

— 4.27 

— 4.37 

— 4.46 



Fioal 
Beduction. 

+ 39\35 
+ 39 .23 
+ 39 .13 
+ 39.05 
+ 38 .99 



The colamn of final redactions, shows what quantities are 
to be applied to the record sheet, to reduce the stars to Mean 
place 1863.0. 

Before proceeding to "measure up," a small table is 
formed, as a guide to the person who reads the record sheet. 

The following is a sample : 



Sid. T. 


Bed. 


Sid.T. 


Bed. 


O'OO" 


+ 39'.35 


0*30" 


+ 39'.23 


2 


.34 


33 


.22 


5 


.33 


36 


.21 


7 


.32 


39 


.20 


10 


.31 


42 


.19 


12 


.30 


45 


.18 


15 


.29 


48 


.17 


17 


.28 


51 


.16 


20 


.27 


54 


.15 


22 


.26 


57 


.14 


25 


.25 


1»00 


+ 39'.13 


27 


.24 


. 





This table shows that at 0^ 00" Sid. T, we must add 39'.55 
to the disk reading, and this quantity must be uniformly 
diminished O'.Ol, for every 2 or 3 minutes, so that for 1** 00* 
we add 39M3. 

The addition of the entire seconds is effected, by simply 
marking the disk 39 seconds more than the clock zero. The 
fractional increment 0^.55, is obtained by an adjustment of 
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the angular micrometer, by means of the screw /, so that 
O'.OO on the disk, shall read O'.SS on the arc or scale. The 
Tariation between 0".55 and O'.IS, is accomplished by the same 
screw /, with which the zero of the vernier is shifted C.Ol for 
every 2 or 3 minutes of right ascension, as may be requisite. 
In the above example, the zero needs to be changed at 2, 5, 7, 
10, 12 minutes, etc. 

The additional time required for measuring up with these 
adjustments, will not exceed 10 minutes for one hour of right 
ascension ; while the saving is equivalent to the labor of one 
person in reduction, besides the increased accuracy of the 
results. In case the reduction to mean place is a negative 
quantity, it is readily changed to a positive by diminishing 
the disk reading one minute. 
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The Declinometer. 

This iDstrament, as its name indicates, is used for the par- 
* pose of measuring the difference of declinatiou between two 
objects. 

In the year 1849, the late Prof. O. M. Mitchbl conceived 
the idea of measuring the distance between two stars, by 
magnifying by mechanical means the motion of the telescope 
in passing over the space which separated them. 

In carrying out this conception, he attached an arm of six 
feet in length to the declination axis of the Gincinnati Equa- 
torial. This arm carried an electro-magnet which was so 
connected with a light lever that whenever the electric cur- 
rent was driven through the magnet, it caused a metallic 
point at the lower extremity of the arm to make a minute 
dot on a strip of type-metal placed underneath. The dis- 
tance of these dots from any fixed point was afterwards 
measured with a microscope magnifying about fifty diame- 
ters. Owing to the great labor in measuring up the work, 
and the confusion which would arise from having so many 
dots mixed together, particularly when many stars were 
observed having nearly the same declinatiou, the method was 
soon abandoned. 

About the year 1853 the subject was again taken up, when 
in the same manner an arm of seven feet in length was 
attached to the Equatorial (the telescope being clamped in 
the meridian). The lower end of this arm was connected 
with a light wooden lever moving horizontally on a vertical 
pivot ; the centre of motion being about one inch from the 
extremity of the long arm, and eighteen inches from the read- 
ing point. The arc for reading the amount of motion was 
divided into spaces of ten seconds. After considerable trial, 
this method also was found impracticable — probably from 
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the fact that the motion was not sufficieutly inagnified, since 
one second on the scale wonld correspond to the seven- 
thousandths of an inch, a quantity too small to be easily 



He afterivards substituted in place of the lever a small 
telescope, moved in the same manner j but owing to some 
mechanical difficulties, this also was soon abandoned. After 
numerous experiments, he at length adopted the form of 
apparatus at present used in this Observatory. 

The following is a description of its mechanism. Fig. 1 is 
a perspective view of this instrument as seen from the south- 
west. 
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To tbe axis of tb« Olcott Meridian Circle is attached a 
metallic arm sixty inches in length, a portion of which (a) is 
seen iu the drawing. The position of this instmment, with 
eretice to the Meridian Circle, is shown in plate la, where 
s the long arm, t reading telescope, and p, p cylindrical pint 
B lower end of this arm carries au arc, having for its lading 
) length of the arm, si.\ty inches. Into this arm is screwed 
number of cylindrical pins {p) one-eighth of an inch in 
meter, placed SO* apart, at right angles to the arm, and 
rallel fn the supporting asis of the telescope. These pins 
B a groove cut in the middle, of the form which wonld be 
■odu<M!d by placing the vertices of two cones together. At 
a distance of twenty-three inches from the centre pin, and in 
the same horizontal plane, a small tele8coi)e of six inches 
focal length, is mounted in knife-edge Y'a ; its snpiK)rting 
axis iMiing parallel to that of the Meridian Circle. This tele- 
scope, which is shown in the figure, ia supported on the oak 
block (fc). ten inches square, bolted to the east pier of tbe 
Olcott Meridian Circle. To the top of this block is screwed 
an iron plate 0.5 of au inch in thickness, on which rests tLu 
stand holding the small telescope. 

To the supporting axis of the small telescope is attached 
the arm (r), two inches iu length, and by meapsof ajointthe 
light rod if) is connected with one of the pins at the lower 
end of the long arm (a). The short arm (r) is made in two 
portions, so that it can he lengthened or shortened at pleasure 
by means of screws seen at (s). Tbe arm {r) can also be 
moved about the axis ; being held in position by a set screw 
not shown in the drawing. 

In order to avoid all play or loss of motion, the connecting 
rod (/) is attached to the reading telescope by means of a 
short axis with cylindrical holes in the ends, the axis heiug 
attached to the arm (r) by two screws having conical points. 
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The other end of the rod is connected with a pin at the lower 
end of the long arm (a) by means of an angular notch, simi- 
lar to the letter V inverted. 

It may be observed, however, that the connecting rod (/) 
is not essential, but is used merely for convenience, since the 
machinery would be simplified by conn<^cting the reading 
telescope immediately with the long arm (a). 

Kow when the Meridian Gircle is moved in zenith distance, 
angular motion is given to the small telescope by means of 
the long arm and connecting rod.^ The amount of this motion 
is read from a vertical scale divided into seconds of arc, fast- 
ened to the north collimator pier at a distance of fifteen feet 
from the centre of the reading telescope. It will, of course, 
be understood that we must have some object in the focus of 
the small telescope with which to compare the divisions of the 
scale. We use either a cross formed by the intersection of 
two spider's webs, or a single horizontal wire. 

The scale comprises an arc of 33'. The length of V at 
the centre of the scale is 1.5 inches, and the length of a 
second 0.025 inch, a quantity easily read by the small tele- 
scope. The second, in fact, can readily be divided into 4 
equal parts ; but ordinarily we read at a glance half seconds. 

In case it is desired to observe a greater arc than SO', the 
available extent of the scale, the end of the connecting rod 
(/) is raised and attached to a different pin; the interval 
between the pins having previously been determined. 

The Adjustments of the Apparatus. 

All the adjustments for making the small telescope read 
minutes and i^econds on any part of the arc, are accomplished 
by changing the position of the scale, by changing the length 
of the short arm (r), by changing the angle which the arm 
(r)makes with the collimation axis, and by moving the whole 

16 
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•cope nearer (o or £[irtlM>r from the scale. It is not neces- 
f to enter into the dcloUs of tbese adjustments, as every 
R I ly oiHlentand how tbey are accomplished. Wliea 
mIji d, it will remaJD so. Any cLaoge, from tempera- 
r other catue», will only have the same eflect as the 
pldittary inicro8cope&. IHiis will of course Le deter- 
n lilDe ti observation. To make tbe apparatus 
ik4i BMNMHy to Qse a double notch for hookiog 
lAitanoe between the notches may corn- 
ate of any other value, provided it be 

rws iitcidfnt to this Apparatus. 
new of error incident to this form of raecbaiiisni are 
lew and easily determined. \\'hen we consider the apparatus 
in a theoretical •)oiut of view, it might at first sight seem 
imiKJ&sible to make any combination of machinery whifli 
would, with certainty, indicate a motion of 1" of are. One 
might siipiM>se that there would easily be that amount of 
play or lost motion in the joints. That there is some lost 
motion, o9 one will deny ; but the main question is, will 
there be sufficient to seriously impair an observation, and 
what is the limit of this source of error? The amount of this 
error is easily determined from direct comparisou with the 8 
microscoiws of the Otcott Aferidian Circle, as well as from 
tlic apparatus used alone. Our methotl of determining this 
is to direct tlic telescope to one of the collimators, and meas- 
ure the interval between the opposite angles of a square 
formed by the intersection of four wires placed in tbe focus 
of the colliniiitor telescope. When the collimator is revolved 
so that the angles are east and west, and above and below, 
the interval lietween the angles is about 42". Tbe following 
readings will give a fair sample of the jierformance of this 
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apparatus. The bisections were made with the tangent 
screw for giving slow motion to the meridian circle in zenith 
distance ; beginning with the lower angle and moving over 
i^lie whole space and some distance beyond. 



Telescope moved to increase 


Tdescope moved to diminish 


the zenith distance. 


the zenith distance. 


Upper Angle. 


Lower Angle. 


Upper Angle. 


Lower Angle. 


ir ir.o 


10' 28".5 


11' 11".0 


10' 28''.7 


11.5 


28.3 


11.1 


29.0 


10.5 


28.0 


10.7 


28.0 


11.0 


28.3 


10.6 


28.3 


10.2 


28.0 


10.7 


28.5 


IVfean 11' ir.64 


10' 28".22 


11' ir.82 


10' 28".50 



Zenith dist. diminishing — Zenith dist. increasing = + .18 

" " " = + .28 

Mean = + .23 



<c 



(( 



a 



tf 



rt 



the loss of motion in bisecting, from moving the telescoj^e in 
opposite directions. 

From this it follows that the error due to this apparatus 
from loss of motion in the joints, is no more than in the best 
micrometer screw. 

Hence we conclude that the distance between two stars can 
be as accurately determined as with the filar micrometer or 
meridian circle, using any number of microscopes. A posi- 
tive advantage may, indeed, be justly claimed for the use 
of this apparatus ; for when, with a meridian circle, only one 
bisection of each object can be made, at least ten bisections 
and readings for each, during the time of transit, can be made 
with the declinometer, thereby eliminating the error of bisec- 
tion arUing from perturbations of the atmosphere or inaccu- 
rate observation. 
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The Errors due to Change of Temperature. 

First Let us consider the effect of change of temperature 
on the long arm {a)y which is made of iron and is sixty inches 
in length. The errors due to this will be of two kinds. 
First, the change of the value of the divisions on the scale, 
which will be CiOOOi on 1' for a change of 1° of temperature. 
Second, the change of position in the reading telescope, 
resulting from the change of angle made by the connecting 
rod (/) with the long arm (a). Goraputation gives for this a 
change of 0".02 for a variation of 1° of temperature. Hence 
we may, from theory alone, conclude that the change in the 
length of the long arm, from the eflfect of temperature, will 
not introduce an appreciable en^or. 

Second. The eflfect of temperature on the short arm (r), 
and the supporting stand (which is made of cast iron), the 
height of the stand being 4.2 inches. If the temperature be 
supposed to increase, the eflTect will be to raise the telescope 
and make it read higher on the scale. This would be con- 
stant for all parts of the scale. Gomputation indicates, for 1^ 
of temperature, a change in position of 0".001. 

The short arm (r) will afTect the reading in two directions : 
First, that due to the change of runs, which is equal to (r.02 
for 1° ; second, that due to change of position, which is equal 
to (r.02 for 1°. Hence we may regard the changes in this 
portion of the apparatus as inappreciable. 

Third. Effect of Temperature on the Connecting Bod (/). 

During the summer of 1862, in our experimental zone 
work with this apparatus, it was found, bu comparing two 
zones together, extending over an hour of right ascension, 
that at times there was a variable difiference between the 
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zones depending on the time ; that is, if at the beginning of 
the zones the* difference was made equal to zero, at the end 
it would have increased in some cases to T of arc. This fact 
led me to make a theoretical investigation of the effect of 
temperature on all portions of the apparatus. 

Daring these observations a brass tube, twenty-three 
inches in length, was used as a connecting rod. The change 
on the scale for a brass rod, was found by computation to be 
±0''.9O for 1^. This at once gave an explanation of the appa- 
rent anomaly. It was then very desirable to use a connect- 
ing rod which would be the least affected by temperature, 
and yet retain its figure. After various substances were 
tried, a glase tube was finally adopted, as being permanent 
in its figure and not so greatly affected by temperature. Per- 
haps some other substance would be preferable. It would, 
however, be an easy matter to construct a rod of two metals, 
which would maintain a uniform length in all temperatures ; 
and this we propose doing. 

Computation gives for glass 1° ± 0".38. The correctness 
of this is fully demonstrated by direct experiment. On a 
number of days the apparatus was attached to the Olcott 
Meridian Gircle, which was securely clamped; and upon 
varying the temperature, by opening and closing the room, 
we obtained the following results. Temperature constant for 
1° assumed equal to dz 0".40. 



UDiform temperature of 40^ 

16' 13".58 
13.60 
13.44 
13.30 
13.30 
13.04 



1862. 


Sid. T. 


Temperature. 


Scale reading 


Nov. 22. 


Ih 45m 


380.2 


15' 14''.3 


23. 


12 45 


39 .0 


14.0 


23. 


16 30 


40 .1 


13.4 


23. 


16 45 


35 .0 


15.3 


23. 


16 50 


34 .0 


15.7 


23. 


19 50 


39 .1 


13.4 
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1863. 

Eeb. 28. 


Sid. T. 

221i 30m 


39°.0 


Scale reading. 
15' 00".0 


Scale reading raduc 
imiforai teniperatur 

14' 59".60 


28. 


1 30 


37 .0 


00.9 


59 .TO 


Mar. i. 


1 45 


24 .0 


12 09 .1 


12 02 .70 


5. 


21 15 


32 .0 


04.3 


01.10 


5. 


23 16 


18 .0 


11.6 


02.80 



1S63. Date. 

June 17. 


Sid. T. 

151i 00m 


Temp. 

e2°.o 


Scale. 
0' 00" 


Mean fou 

+ 42= 


r Mioroawpes. 

40 05-.75 


17. 


16 50 


60 .0 


00 


+ 42 


40 04 .90 


29. 


13 30 


73 .0 


00 


+ 42 


40 03 .48 


29. 


17 30 


70 .0 


00 


+ 42 


40 03 .73 


Oct. 17. 


22 50 


62 .0 


00 


+ 42 


38 43 .35 


17. 


23 50 


60 .0 


00 


+ 42 


38 43 .60 



From these observations the temperature coDStant for tbe 
whole apparatus, is found to be -f- 0".44. They also indicate 
that the temperature constant is very uniform ; and that the 
apparatus is as stable for auy length of time as the reading 
microscopes of the Circle. 

Under ordinary circumstances, the changes of temperature 
of tbe observing room, during the passage of a zone of one 
hour in length, will not amount to more than 2° ; and since i 
direct comparisons with the Meridian Circle are made at the 
beginning and end of the zone, the effect of temperature is 
at once determined, independent of the thermometer read- 
ings. 

We here append a few readings made during the process 
of our work. 



In these readings, the small telescope was compared witli 

four microscopes of the Olcott Meridian Circle, giving the 

zero of thfc declinometer scale, as referred to the zero of the 

'^irclt', nt the beginning and end of the zone. By applying 

,!. jiti-ti temperature constant, and reducing the two scale 
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readings to the same standard, we would have the following 
3rrors on the position of the zones, possibly due to this appa- 
ratus. 

June 17. ± or. 02 

29. ± .23 

Oct. 17. ±0.47 

These results show that the mean temperature constant 
svould not introduce at any time an error which would sen- 
sibly aflFect the observations. 

It is unnecessary to speak farther of the stability of the 
apparatus ; experience has shown that it is as stable as the 
Meridian Circle itself, which is all that can be desired. 

It now remains to determine the effect of temperature on 
the scale itself. A difference of 1° would change the length 
of the scale (3(y) only 0".02 ; so that the error arising from 
this source is also inappreciable. 

The illumination of the scale is effected by causing a gas 
light to move on an iron arc, nearly in front of the scale. 
The position of this light is regulated by the assistant who 
reads the scale, by means of a cord running over two pulleys, 
to the end of which is attached a weight which is placed near 
the reading telescope. To shut off, as much as possible, the 
light from the observing room, a box has been constructed, 
with a narrow slit in the side fronting the scale, which 
^oses the whole apparatus. The proximity of the gas 
fight, has no sensible effect on the scale, as has been fully 
.detennined by careful comparisons with the microscopes of 
&e Oloott Meridian Circle. 

In using this apparatus in zone work, the Olcott Meridian 
(firele is first set in zenith distance on the centre of the zone 
to be observed, and securely clamped. The long arm (a) is 
then damped to the east side of the supporting axis. The 
nudl tdfsoope being placed in its Y's, the connecting rod is 
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1 exactly in | 



pped on the centre pin. To bring the long: arm i 
> plane ot motion of the collimation axis of the reading 
esoope, Te have recently added a bar holding a horizontal 
©w, vhieh rests against the cube of the Meridian Circle 
be long arm. By meaus of this screw we adjust for any 
ition fioin this plane, the object being to prevent lateral 
on the connectjug ro<l. All this having been done, 
scope is then set for the edge of the zone, at present 
The Meridian Circle is now moved in zenith 
BO that it is directed to this point in the heavens, 
i' 00" declination. The assistant reads his scale, 
nntts the reading for this point 0* 30". In order, there- 
ike the scale read 0* 00" declination, it is necessary 
the angle made by the long arm with the telescope 
; or, which is the same, to change the angle of the read- 
g telescope. The easiest way to accomplish this, is to 
change the length of the couuecting rod. To eftect this 
a^jastment, we have recently attached a fine cut screw in the 
end of the rod, for giving motion to the notch resting on the 
pins. This is not shown in the drawing. While the assist- 
ant looks through the telescope at the scale, the observer 
turns this screw until the division ff 00" is bisected by the 
wire of the reading telescope. The width of the zone to he 
observed is then regulated by the mechanism shown in plate 
3. In case the apparatus is used with an instrument having 
no microscopes or means of measuring zenith distance accu- 
rately, a star preceding the zone, whose place was accurately 
known, could be used. We adopt the latter method on 
observing our zone the second time. 
When this apparatus is ready, a ruled sheet is placed on 
charting machine ; and having set it to give mean right 
ansion and declination for the beginning of the year, we 
repaied not only to observe accurately the transits and 
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declinations of the stars, but at the same time to produce a 
Star Gbart, with the magnitudes and positions recorded. 
For the exact transit or right ascension, the stars are, by the 
same pressure of the key which makes the record on the 
chart, recorded on the Chronograph, fix)m which the records 
are read to the one-hundreth of a second of time. 

With this apparatus two persons can observe 300 stars in 
one hour. The average number found in our zones of the 
year 1863, inchiding all stars up to, and a few of, the 14th 
magnitude, is 150 per hour. Our aim is not to observe a 
great many stars, but to take all stars fairly visible in the 
portion of the heavens under observation. 

The complete reduction of the zone work by this method, 
comprises the following determinations : Firsts for declina- 
tions, the zero of the scale. This may be determined in two 
ways, namely, by comparing the scale with the Circle at the 
beginning and end of the zone, or by using a few standard 
stars in the zone, whose places have been well determined by 
many observations. The latter plan is preferred as giving 
the best results, since in this case the error of nadir of the 
Meridian Circle is eliminated. 

Having determined the zero point for any time as the begin- 
ning of the zone, it is necessary to correct for the following : 

4 

1st. Huns of the scale, depending on the declination. 

2nd. Differential refraction, depending on the declination. 

3rd. Reduction to mean place, depending on the right ascension. 

4th. Variable refraction, depending on the time or right ascension. 

5th. Temperature correction, depending on the time, or right ascension. 

The following will show the quantities combined : 

[Scale reading + zero-point + (runs + differential refraction) + (reduc- 
tion to mean place -f variable refraction 4- temperature correction) ] 
SB Mean declination. 

17 
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For all practical purposes, tbe apparatus may be so adjusted 
that the runs will elimiuate diffcreutial refraction. 

Second. For the right ascension we have tbe following 
reductions : 

1st. Clock error, at the beginning of the zone, found either on the 
night of observation from the Transit of Nautical Almanac stars, 
or, which is preferred, by using the standard stars of the zone. 

2nd. Reduction of wire (constant). 

Srd. Reduction tq mean place, depending on the right ascension. 

4th. Clock rate, depending on the time or right ascension. 

The clock rate is nearly always eliminated. 
We have then for the complete reduction in right ascen- 
sion: 

Time of transit + (clock error + reduction of wire) + (reduction to mean 
place-|-clock rate). 

This may be put under another form, namely : 

(Clock error + reduction of wire+ reduction to mean place at the 
beginning of the zone) + (variation of reduction + clock rate.) 

This change will show more clearly how the mean right 
ascension is measured directly from the chronograph records, 
without any numerical computation for separate results. 

The observed Transit needs to be corrected by a constant 
quantity, x and a variable quantity, A ^ depending on the 
time or right ascension. The method adopted for applying 
these quantities mechanically, will be found under the descrip- 
tion of the chronograph, illustrated by an example. 

Machine for Cataloguing and Charting Stars. 

The progress of instrnmental astronomy has been so rapid 
during the last half centnry, not only in the perfecting of the 

older lnstrnin(Mits. ^ ■' ' m in the invention of new methods 
of ' - nnssent time more can be accom- 
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plished io oue year tlioo could formerly liave been done in 
five. 

In tlie year 1S4S Uie application of electricity to tlie record- 
ing of astronomical obBervations was first suji^gested. This 
liappily conceived idea soon resulted in the construction of 
Cbronogiapbs by various persons, by which the instant of 
transit of a star was accurately recorded in a legible aud per- 
manent manner. Buccess in the recording of oue ordinate of 
a star's position, would naturally suggest the possibility 
of fixing the other by the same agency. But with the excep- 
tion of some experiments made by the late Prof, O. M, 
MiTCHEL, for the I'ecordiug of declinations by electricity, 
this subject, so far as I know, has not been undertaken by 
any other astronomer. 

In the formation of catalogues of zone stars, astronomers 
have almost iuvariably used the telescope iu a fixed position, 
and by means of a diaphragm or scale placed in tbe focus, 
determined the time of transit and difiercnce of declination. 
In our method the te]escoi>e is moved in zenith distance, the 
amount of motion giving us tbe diff'erence of declination. 

This method of observing tbe diff'erence of declination 
between two objects, by magnifying by mechanical means 
the angular motion of the telescope, is due to the late Prof. 
O. M. HrcoKEL, who first put it in practical operation in tbe 
j^ear 1849; the apparatus used for this purpose being called 
tbe Declinometer. 

Perhaps nothing is more desirable at tbe present time than 
accurate ecliptic charts of all stars down to the 14tb magni- 
tude. AVe already have the charts of Chacornac, Argclander 
and others, which Eire of great value in the search for Aste- 
roids i bnt were these charts filled out, as it were, with stars 
of a bi^bur order of maguitnde, it would greatly enhance 
ili.>= ''n- this parpoge. 
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58 Duscnivnoa of the obsertitob^ 

AM Ntandnril chnrtx tlint Iinve tH^rrtofi/ce hivn conatnuted, 
Imvti \tofM tiiiuU* liy laying iIqitd tbe positions of tbe stan, ag 
{(tven l>y a culalojtfnu iintvionsty (onaed. This, of eomac, is 
un i;xtr(.'uii.'Iy ilitDciiir, anil tediotn tank. It seemed ta me 
Iliat miu^li time anil labor luigbt lie ssTeiL provnteiiwe mold 
rnnkc an iircuralu ina|) at tlin Aame time that we obtferrviifw 
ttnaei iiimlllDriN. This nrsnlt we have snw«^Ieil in accom- 
plUJiihK liy nicann of easy and simple mecLasUm. a descrip- 
lion of wlilt-li will Ik! given in tbis connection. 

Ill tJio eiilftluifuln}; of zone stars with the Olcott Meridian 
(!iri!|i!, iltirliifT tliR yonr 1802, I foood it desirable to Iiave 
(wtiiif mntrlviinco liy which we could observe the same zone, 
Mtiir for ntnr. tm a HuliNcqiu>nt uif^Iit. In order that we may 
bii nnihTNlood, wo add that thu clamp arm for giving sloir 
motion to tlio teliMK'Oiie in /cnith distance, is moved by a 
mrnw prCHsliijf aKftiiiat its lower end, one revolution of the 
MiniW livtnfi about ti'. That we might get more rapid motion, 
(III extra c*i(f-wlu'i^l was made to drive one fastened to tlie 
w-rmv. To the axia of this new wheel was attached two cyl- 
indrical pnllnys, each carrying a small weight suspended by 
a (!or<l wound on the surface of the pulley. The width of the 
/ono was then regulated by the length of the end left free 
to move. A poraiKiCtivc view of this apparatus is shown iu 
the Olcott Meridian Circle description, plate 3. 

It was found that with this contrivance (although we bad 
the play between the two cog-wheels), we could* follow the 
same zone with a deviation of less than 5". Were the pulleys 
attached directly to the screw, we knew the error would be 
still less. From tbis fact wo were led to surmise that differ- 
ence of declination could easily be read to the tenth of a 
minute, from a screw head used for giving slow motion to the 
telescope. 

In thinking on this subject, I conjectured that if a cylinder 
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ere attacbed to this screw, and a pen made to move over 
with a uniform velocity in the direction of its length, we 
<uld readily record both Bight Ascension and Declination, 
, in other words, make a map of the stars observed. Owiug 
the inconvenience iu attaching such an apparatus to our 
strument, the plan was not put in execution. 




We will now proceed to give a description of the Charting 
achine. Fig. 1 is a perspective of the machine, as seeu 
tm the southeast. 
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This apparatns is firmly fastened to the south side of the 
west pier. It is connected with the clamp arm of the Tele- 
scope by means of the horizontal rod (/), 40 inches length. 

A dock work mechanism, having a half second's pendnlam 
{p)y carries the cylinder {a)^ 6 inches in length and 10 inches 
in diameter ; which revolves from west to east, and makes a 
complete revolution every hour. 

Directly over the cylinder is mounted, on a horizontal axis, 
the compound lever (&, Z) ; to the lower end of which, by 
means of a short horizontal arm and joint, a hollow cylindri- 
cal steel pen is held in a vertical position over the axis. The 
lower part of this lever (6), is 18 inches long; the upper part 
(2) is 6 inches long. In order to magnify as much as possible 
the angular motion of the clamp arm, we attach to it a strong 
iron bar, 25 inches in length. At the lower end of this bar is 



FiO. 2. 



-A/y 



n 




a cross piece, fig. 2, 6 inches long, holding a number of cylin- 
drical pins (jp). • • 

Bach of these pins has a notch cut in the middle, of the 
form which would result from placing the vertices of two 
cones together. By this arrangement, there can be no loss 
of motion ; besides, it aflfords great facility in changing the 
rod from one pin to another. 
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The rod (/) is connected with the damp arm by dropping 
fhe notch {z)^ fig. 2, ou one of the pins. 

The other end of the rod is attached to the lever (I), fig. 1. 
A sectional view of the mechanism for this purpose is seen i|^ 



Fig. 3. 




%• 3 ; (f, t), being two screws having conical points, (s) a set 
screw for clamping to (Z). 



Fig. 4. 




The arm carrying the steel pen shown at (c), fig. 1, is 
attaclied to the lever (6), by an arrangement precisely similar 
to that seen in fig. 3, the steel pen being held above the paper 
by a flat spring attached directly to the lever (6). 




or TH£ OBS£RTAT(»T. 

I «tt tl» bociEootal post ((), fig, 1; 
r M mif put of tbe post (^; i 
gtibe tevcr in any position. 
m ml him aeen iati^ 4, wbere n, M,)n 
I poinu. Bj- tlii« UTaQf:en]ent, ve 
I aS in» «f BaSMk aad have bat my little Iriction. 
4e- !.&■«• cfcuw i ■i gpft operatiiig tbe arm (<f}, at 
1 to tbe axis of (be cylioder.b 



Ihr Aafe Kca ■■ Sg- 1 iadicale mioiiles aail seconds. 

Smm, uh » M ike lUocope i» mured id zeiiitb distance 

mttitm m gnc* In tkt peocil sa that it moves trver (be cylin- 

ds is ike ■*T****'^ «f iu axu. Wbeaever we wisb to mab 

L, a ktf m p w aa w l vUcb ckuses Ibe circuit tbrough tlw 

id a blow is Mnich on tbe peucil aTiii,s1> 

tkaC a tmrnU 4oC H made on tbe «beet of pa|ier covering 

It ncBains now to sbow bow tbe luaguitudes are recorded 
oo tbe rban. Various ]ibuis were suggested, and I liually 
dtfTsdrd to reptrsent Uie tuagnitades by different colors. F«r 
Ibi* purpose we use prepared paper, known as diipliwitiug" 
impns»HHi paper. 

If a strip of tbis paiier be laid over n sheet of ordiuav^ 
writing jwiper, and a ]»en be drawn over it, a colored impri^ 
»ion w^ill be left ou the ]i3per. In tbe same mauuer, if a blow 
l«e stniek wilb n blunt point, a colored dot will be the resulfci 
Xow, if at the time of observation an assistant sbould iutro^ 
dmv a strip of this paper under the steel pen, when the rccoi 
wtis made, we would have a colored impression deuotiug 
umguihidt*. ^. it is readily seen, should the assistant inti 
dtiw ibeM' strips of jiaper as required, we would produce, 
chart with tbe luagnitndes all recorded. But obviously 
mclhwl would retiuire an extra assistant, and wonld com 
um^utly bo uu unueeessiiry waste of time. It is, then, v< 
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desirable that the introduction of these strips should be in the 
power of the observer himself. 

Various kinds of apparatus might be employed for this 
purpose, but what we need is simplicity and certainty. We 
atfirst placed our strips on a belt running over two rollers, so 
that by giving motion to these rollers, any strip of colored 
paper could be brought under the recording pen. This plan 
answered the purpose, but was somewhat inconvenient to put 
our sheets on the cylinder. We therefore removed it, and 
placed the strips of paper on an arm moving about a vertical 
axis, and by means of a cord, attached to a lever connected 
with the rod used for giving slow motion to the telescope in 
zenith distance, the observer was enabled to bring any desired 
color under the pen, and this, too, without removing his eye 
from the telescope. 

This part of the apparatus is not shown in the drawing, 
but being so simple the reader will not fail to understand it. 
So far we have used only five different colors, but the number 
can be increased to any extent. These colors indicate 9, 
10, 11, 12 and 13th magnitudes. When stars of the 14th 
magnitude are observed, no color is introduced, and we have 
for our record merely a puncture on our zone sheet. When 
stars below the 9th magnitude are observed, (and there are 
but few, generally three or four in a night), a note is made by 
the assistant, and they are recorded on the chronograph by 
striking a certain number of dots to indicate the magnitude^ 

As fast as the stars enter the field of the Telescope, they 
are brought to the intersection of a horizontal and vertical 
wire, when, the circuit being closed, the record is made. In 
this way, the positions of the stars in the heavens are trans- 
ferred to the surface of the cylinder, so that when our observa- 
tions are finished, we have a perfect "/ac simile " copy of the 
zone of stars observed. 

18 
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This apparatus we believe is the first wliich has been con- 
structed to record accurately, by mechauical means, the right 
ascension and declination at the same instant, or in other 
words, to make a chart of the stars observed. 

When the dot is made on the cylinder, a record is also 
made on the working Chronograph, which gives us the time 
to the hundreth part of a second. For the exact declination, 
an assistant reads the Declinometer scale to the five*tenths 
of a second. 

Therefore, when our zone is observed, we have not only a 
complete catalogue of the exact positions of the stars, but 
also a perfect map of the heavens. 

In case we do not read our declinometer scale, we can 
determine the declination from the chart, within one-tenth of 
a minute of arc. The precision with which this machine will 
map stars is all that could be desired ; since if two charts of 
tbe same zone, made on different nights, be placed one over 
the other, the stars will be superimposed so that the eye can 
detect no difference. 

By means of movable adjustments we can set the machine 
(having our sheet ruled for Bight Ascension and Declination), 
so that it will give the position of the zone, at the beginning 
of the year, without sensible error. For adjusting in Bight 
Ascension, the cylinder can be moved about its axis, being 
held in position by a friction block. For the declination, we 
lengthen or shorten tbe rod (/), by means of the screw {x)j 
fig. 2. The scale for declination can be varied at pleasure, 
by changing the position of the connecting rod (/), on the 
lever Z, flg. 1. This apparatus can be adapted to any Teles- 
cope either transit or equatorial ; neither does its use inter- 
fere with the ordinary work for exact positions. 

In the observation of Asteroids on the meridian, a great 
deal of time is wasted, especially when the error of the Ephe- 
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mens is considerable. And even when the error is only 2^ or 
3" in declination, in certain portions of the heavens, it is 
almost impossible to find the body with a meridian instm- 
ment. This apparatus affords great facility in finding these 
bodies, when we have an approximate Ephemeris ; since it is 
only necessary to observe, on two nights, a short zone of five 
minutes in Bight Ascension and 10 minutes in Declination. 
The comparison of these two charts will at once show which 
is the planet, provided it is included within those limits; 
when, the Ephemeris being corrected, it can be observed on 
the meridian in the usual way. This has been thoroughly 
tested in finding the old Asteroids, where the error of the 
Ephemeris has been considerable. 

In our ordinary work, as we observe all stars visible, the 
limit being 13-14 magnitude, it is usually impracticable to 
observe a zone of greater width than IV or 12', and within 
these limits it is not imusual to find more than 200 stars in 
one hour of right ascension. 

In case we wish to extend our observations over more than 
one hour of right ascension, we loosen the clami) screw {g), 
fig. 1, and slide the whole apparatus carrying the pencil, on 
the post (e) ; the end of the connecting rod (/) being raised 
up and dropped on another pin. These changes can all be 
made in less than one minute. 

From the comparison of the positions given by the chart 
with those found by the declinometer, the mean error on the 
chart i>osition is found to be less than the one-tenth of a 
minute of arc. In the prosecution of zone work, these charts 
have been found of great value in correcting doubtful obser- 
vations, without the necessity of re-observing the zone. In 
case a wrong minute is entered by the assistant charged with 
taking down the declinometer readings and other remarks, 
on comparing with the chart we readily make the necessary 
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corrections. The use of this apparatus in nowise interferes 
with our work for exact positions, since we have found the 
mean error of our observations to be the same whether the 
stars were charted or not. 

Our work during three years' experience has demonstrated 
the practical utility of the apparatus.* If for any purpose we 
desire a map of the stars in a certain portion of the heavens, 
we can make one in a few minutes, which by any other 
method would require hours. In the region of the milky 
way, where small stars are very numerous, we have charted 
them at the rate of 480 per hour, and at the same time 
observed every star in the zone above the 14th magnitude. 

Every one will at once see that a series of charts, even in 
the condition in which they are taken from the cylinder, will 
be of great value to the observatory in which they are made. 
For, after being numbered and filed, they become so many 
maps, although the width does not exceed 10 minutes of arc. 
But obviously they can be made of greater service, with but 
little additional labor, by transferring contiguous zones to 
one sheet. This is easily accomplished by merely pricking 
through the paper with a series of points, which shall at once 
indicate the magnitudes. 

In case we wish to seatch for Asteroid, we believe much 
labor can be saved, and equal if not greater facility afforded 
in their discovery. For, suppose we have already completed 
a series of charts for one hour of right ascension, and one 
degree declination, it is only necessary to observe and map 
the same zone, or any portion of it ; when it is readily seen, 
should there be any Asteroid in that region which was not 
there when the former charts were made, it will at once be 
detected. The objection may be offered, that with the ordi- 
nary meridian instruments, we do not have optical power 
sufficient to detect these faint bodies. Granting this to be 
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the case, it does uot aflfect the principle of the method, for we 
can use the apparatus with an equatorial of any size. lu 
the latter case, we would clamp the Telescope securely iu the 
meridian, and, attaching an arm to the declination axis, at 
once connect our apparatus in the same manner as with the 
transit. Slow motion in declination can now be given to 
the Telescope with the tangent screw, and the width of the 
zone limited by employing any mechanism suitable to the 
instniment. These minor details, of course, will be arranged 
by the observer, as circumstances require. 

Automatic Registering and Printing Barometer. 

The science of Meteorology is as yet in its infancy. Uni- 
versally interesting as its phenomena have ever been, and 
powerfully affecting the most important relations of society, 
it is but recently that the subject has engaged the systematic 
and combined effort requisite for its development, since its 
laws are still regarded as the most recondite problem in 
Physics. The first thing to be done is of course the col- 
lection of facts, and much is now being done in England and 
on the continent in this direction. The chief obstacle, 
hitherto, has been in the imperfection of the methods of 
observation. The results, in order to be of value as data 
jErom which to construct a science, should present a contin- 
uous record of the phenomena during a considerable period 
of time, and taken at as many different stations as possible. 
By the ordinary method of personal observation, this is well 
nigh impracticable. It would demand at every station the 
services of several observers, at great expense, and their 
resnlts conld only at best be more or less of an approach 
to what is desired. To obtain this, the only alternative is 
to substitute some mechanical means for the labor of per- 
sonal observation ; in short, to make the instrument record 
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its own changes. If this can be done in a single instance, 
it can be done continnously. 

The only method by which this has been hitherto attempted, 
with success has been by the application of photography. 
This, though a very considerable advance, and probably all 
that could be desired in respect of continuity and accuracy 
of the record, is liable perhaps to the objection that it is too 
complicated a process for general use. If we consider the 
skill requisite in the preparation of the i)aper, the delicacy 
of manipulation involved by the apparatus, and the labor 
of interpreting the results, as compared with the average 
capacity and means of the great number of observers desired 
and likely to volunteer or be employed for such a purpose, it 
would seem that a simpler process is both desirable and 
necessary. This it has been my intention to furnish, and 
with what success remains for time and experience to deter- 
mine. The importance of the subject will justify me perhaps 
in presenting some account of the new method. 

The problem to be solved, was to cause any meteorological 
instrument, by means of suitable mechanism, simply and 
eifectually to record its own changes. The instrument 
selected for experiment was the barometer. When any deli- 
cate instrument is made to record its own changes by 
mechanical means, the chief difficulty is that of getting 
sufficient power for the mechanism attached to make a dis- 
tinct and continuous record, without taking a perceptible 
amount of force from the instrument itself, and thereby 
vitiating the results. The use of electricity naturally sug- 
gested itself as the best means of overcoming this obstacle. 
This agency has not as yet been made economical or certain 
as a motor, but is chiefly valuable in controlling power 
obtained through some other means. By it, as may be seen 
in its application to clock work, and in the telegraph, the 
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Lento of one machine may be reproduced in another 
[o greater expenditure of force than is requisite for 
contact. In the cases cited, however, the motion 
produced is sensibly uniform and in the same direc- 
tor the solution of our problem, a mechanism is 
led that shall repeat the changes of the original in 
jMlfonn, whether the motion be uniform or variable, for- 
reverse. 
feasibility of this plan was discussed with my friend 
Thomas Simoxs as early as the year 1862, and some 
were then taken to apply it to the thermometer. I 
here express my acknowledgments to Mr, Simons for 
tble saggestions in the coustruction of the present 
Mne. Various plans were considered for effecting the 
contact with the fluctuating medium which is the 
of this method. It was at first proposed to do this at 
lurface of the mercury in a siphon barometer, by means 
lla platinum wire which should be carried continually 
ttard the mercury surface by suitable mechanism, and on 
Iching the surface, a galvanic current would be formed 
ich should operate by an electro-magnet on the mechanism 
as to reverse the motion of the wire and break the circuit. 
is would be immediately restored by the normal move- 
nt of the mechanism, and thus the point of contact would 
kept oscillating at the surface continually. The consump- 
Q of battery power by this plan would have been cousider- 
le, and it ^vas thought the oxidization of the mercury by 
» electric circuit would in time be appreciable. It was 
»refore concluded to make the connection outside of the 
remoter tube, by means of a float resting upon the mer- 
ry column. By this plan there is no demand of action 
m the battery until some change takes place in the 
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barometer, and a considerable saving of battery elements is 
effected. 

Attention was tben given to determining the degree 
delieacy wltli which changes of the mercury sartace coalU 
lie represented by this process. It was found by experimenl 
thnt a motion of less than .0005 of an inch was readi^ 
shown, a quantity far within the limits of reading of a fl 
class standard barometer. 

The next step was to devise the proper mechanism : 
xepcttting the motion thus transferred, and recording it 
some legible form. A finely cut screw was considered 
best adapte<l to measure such minute intervals of space. Tk 
this screw a forward or reverse motion was given by a doulite 
system of clock work, each operated by an electro-magnefc 
in connection with the float, and raising or lowering tho 
screw by intervals corrcsiwnding with the changes indicated 
in the mercurj' column. 

In resi>ect to the permanent record of results, it was 
decided not only to itttempf the production of a linear- 
diagram or curve of atmospheric pressure, as an interestiog' 
method of presenting the recorded changes to the eye, bati 
to avoid the tedium and uncertainty of measuring up sdcIk. 
results, by producing at the same time a printed record cf 
such variatiou, to any extent deemed advisable. 

Having thus endeavored to give some conception of tt»« 
design and principal features of this method, I will proce^*! 
to explain more fully the details of its execution &s at prese"M:»< 
iu-i-;iiii;cd. 

In onliT to make any self-recovdiiig machine of this ti"«i« 
prai'ticablc. we need to attend to two points. First, "tt 
n-diii'i' tlir consumption of electricity to the smallest possible 
ann'uni consistent with certainty in the results; andsecoa^ily, 
Id sc( lire llio i;ivatost amount of useful work with tienaiuj- 
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mnm of labor. We at once decided to adopt the ** make " 
circuit ; for so long as there is no motion, there will be no 
consumption of battery elements* The battery which we 
have adopted for recording transits is essentially that of 
Daniell; sulphate of copper being the exciting agent. A 
battery of this kind will maintain sufficient power for 
chronographic records for two or three months, without being 
cleaned ; it being only necessary to add a little sulphate of 
copper and water from time to time, to supply the necessary 
waste. The only power (demanded of the electro^magnets is 
the unlocking of the mechanism, which is driven by weight 
power. 

Fig. 1. 
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In fig. 1. we have a sertiooal riew of tb« lower Ji^ oTfle 
npbuD, ^hnn-ing ibe principli^ on wliicb tbis method Klonl 
It may l>e nece^uiutrv to reuiurk, however, that lite cieotr^ 
magtiets and luatteiy do oot ocenpy tliese positions in ra^, 
liiit are placed here for fionTeuicuce of illustaUioo. 

lA!t B = Iwtterjr. 
" m, m' = electro-niapiels. 

" n, a' — vlieeU bariug' one looLb, and reToInng in the 
direction of tbe an-on-s. 

S = screw 8ii|>]tortiiig tlio arm, carrying two wires f aad 
ji', tipped with platinum. 

d = platinum disk t'aiTie<l l»y the float 6. 

The two wires p, p, arc respectively above and bdow ibt 
centre of the disk rf. 

W = wheel with 40 teeth in which is inserted Ibe screw A 

71 = a small steel wire passing throngh the brass cap c, to 
prevent the disk d from revolving. 

c = an ivory disk inserted in the tnbe, to prevent the Boat 
b from nibbing ngainst the sides of the tube. 

Now 8up[K)8e the uiercnr}' should rise in (be short leg of the 
siphon, as represented iu the figure. The float b will be 
raised, and cause the platinum disk d to conte in contact with 
the point of the platinum wire p, closing the circuit throngh 
the electro-magnet nt ,- the armature of which being attracted, 
unlocks the clock-work, and allows the wheel a to make a 
complete revolution. By this means the wheel TF is advanced 
one tooth, which raises the screw 5 Ibe ttsw of an inch, and 
conseqnenlly carries the point p that distance away from the 
disk<f. 

As It'ug as the mereury rises, the magnet » will be 
(^wrated, and the platinum point p vQl be k^it tbe tAt of 
am incfa abow tbe lUsk d. 

; OB tbe coBtzary. tbe BMnmy CiUs u Oe aiplion. tbe 
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under side of the platinum disk d will be brought in contact 
with the point of the wire p\ thereby closing the circuit 
through the magnet m"; the armature of which allows the 
one tooth wheel a' to make a complete revolution, thereby- 
causing the screw 8 to be depressed the -yrsW of an inch, 
carrying, of course, the platinum point p' with it. 

It will now be readily seen how the platinum disk <?, car- 
ried by the float 6, may always be maintained midway 
between the two points |> and p', and distant a little less than 
the TiAnr of an inch from each. 

The barometer is of the siphon form ; the inside diametei 
of the portions near the surface of the mercury is nearly one 
inch. The upper and lower portions were made from the 
same glass tube, the two being connected by a tube of 
smaller diameter. The experiments and observations, so far, 
indicate that there is no appreciable difference in the size of 
the two legs of the siphon. 

The float 6 is of ivory ; the form, a paraboloid of revolu- 
tion. The under side of this float is very slightly concave. 
The diameter is one-eighth of an inch less than the inside 
diameter of the tube, so that there is no friction between the 
sides of the float and glass. The platinum disk d is sup- 
ported by a steel wire passing through a brass cap c fitted on 
the top of the tube, and an ivory disk e inserted at a distance 
of 2^ inches above the float 6. The ivory disk is connected 
with the brass cap by means of two wires, so that it can 
readily be removed. A. light steel wire n passes through a 
hole in the cap, for the purpose of preventing the disk d from 
revolving. This is made sufficiently free to prevent any 
friction. 

The disk d is made of brass one-half an inch in diameter, 
and is covered on both sides with platinum plates. 

The platinum wire ]f is attached to a fine screw, for adjust- 
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VTbe principle employed for giving motion to the screw Sf 
wUch follows the fluctuations of the mercurial column, has 
'~'i|0e& taken from the stop-work long used on clocks. Tbe 
jlpgrelof a clock on which the cord is wound usually has a 
IllP^tooth wheel on its axis ; and at every revolution of the 
->f|^ipinel, a cog-wheel is made to advance one tooth. This cog- 
-wheel is, of course, always detached from the barrel tooth 
jgfflieel, except when in the act of advancing the tooth. In 
^Iflgm 2, we have a vertical view of a portion of the mechanism, 
.^lihowing the method of communicating motion to the screw 
A The one- tooth wheels, a, a', when at rest, occupy the 
^positions as shown in the drawing ; and being detached from 
the cog-wheel TT, it is free to move in either direction. The 
screw Si which is shown in fig. 1, is raised or depressed by 
.the revolution of the wheel W. The one-tooth wheels a and 
a\ moving in the direction of the arrows, give opposite 
motions to the wheel W; the oflSce of a being to elevate the 
screw, and of a' to depress it, corresponding to the fall and 
rise of the mercurial column. 

The mechanism for giving motion to the wheels a and a' is 
ordinary clock work, each being directly acted on by the 
barrel wheel, which is driven by a weight. One revolution 
of the barrel corresponds to twelve of the wheels a and a\ 
The axles, to which are attached (r, a', carry another wheel 
having a single half-tooth, as shown in the drawing, fig. 2, 
which, resting against a little projection on the armature of 
the magnet, holds the wheel in' the position as shown in the 
figure. 

In order that the wheels a and a' may not revolve with too 
great rapidity, a train of clock work is connected, consisting 
of two additional axles, a fan being attached to the latter, 
by means of which the motion can be regulated to any desir- 
able velocity. Three axles would undoubtedly be sufficient, 
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the barrel axle, the axles a, a", and an additional one for tbe 
fan. We adopted tbe present form, because we happened to 
have a couple of clock movements at hand, and used them 
just as they were. 

In our first experiments, it was found, when the points p^ 
p' were acyusted very close to the surfaces of the disk ^, the 
oscillations of the barometer were liable to cause both wheels 
a, a' to revolve at the same time ; and by this means, should 
their cogs arrive at the circumference of W together, the 
machine would become blocked. 

This was easily remedied by introducing a circuit " breaker" 
on one of the wheels a, a\ As soon as the wheel a begins to 
move, the circuit is broken, and remains so until it comes 
to rest again ; so that in case they should both start at the 
same instant, the cog of o^ being in advance, it would make 
its revolution and come to rest, because the circuit would be 
interrupted until a should come to rest also. Since the cir- 
cuit interrupter was attached, there has been no difficulty 
from this cause. 

Fig. 3 is a perspective view of the apparatus as it is when 
in operation. The frame work for supporting the barometeir 
tube and other mechanism is of black walnut two inches 
thick, which is firmly fastened to the east wall of the west 
transit room. This wall is built of brick, and is two feet 
thick, so that the whole apparatus occupies a very firm posi* 
tion. 

Having given a general idea of the mechanism for causirg 
the screw S to follow the motions of the barometrical col- 
umn, we will show how the curve of pressure is recorded, 
as well as the printed results. 

The wheel TF, fig. 2, which receives the impulses, has 40 
teeth; and the screw /S, having 50 threads to the inch, one 
tooth of the wheel W correspo^d^'to^ the s^ of an inch 
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elian^ ia the barometrical coliinm, or tAt of an inch 
change of pressure. To the wheel W is attached another 
of nearly the same diameter, haviug 80 teeth ; this wheel is 
geared into one of 40 teeth carrying au 80-tooth wheel oa 
the same axle. This second 80-tooth wheel is geared into a 
50-tooth wheel, which operates the screw S', fig. 3, of 26 
threads to the inch. To this screw is attached an artu. 
carrying a iwneil which traces the curve of pressnre ou the 
revolving cylinder o. 

From this arrangement, the curve is magnified a little 
more than three times the barometrical pressure. It would 
Lave been an easy matter to adapt the second screw and cog- 
wheel, 6o that the curve would he exactly an integer scale — 
say 1, 2, 3 or 4 times ; but as our printed results may be 
obtained much more accurately, and as often as is necessary, 
it was not thought of suflicient importance to construct a 
screw especially for this purpose. 

We will now explain the mechanism for printing the 
results. 




A sectional view of the combination is shown in fig. 4, 
where x and y are two vertical st«el axles. The final result 
expressed in thousandths of an inch, is found on the axle x, 
where « is the units wheel, ( tens, and h the hundredths ; or 
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irhere the thousandths of an inch is the unit of measure, u 
will represent thousandths, t hundredths, and A tenths of an 
nch. ' 

The wheel Uq may be supposed to have ten teeth, and is 
x>nnected with u, so that they move together. If motion be 
pven to iio9 so that it move one tooth at each impulse, each 
W>th will represent the rsVtr of an inch ; and ten impulses, 
w a whole revolution, will represent the yoir of an inch. 
rhe wheel u has one tooth, and the wheel a on the axle y 
has ten teeth. Now when u has made a complete revolution, 
It will have advanced a one tooth or one-tenth of a revolu- 
tion; consequently the wheel a will always express the 
hundredths. 

. In order to transfer the motion of a to the axle x we 
fKten to a the wheel 6, having ten teeth; and by gearing 
Vm in the wheel /, having ten teeth also, we transfer the 
motion of a to t, hence we have the thousandths and hun- 
diedths expressed on the wheels u and t. 

Bat let us go a step further, and see how we get our tenths. 
IThe wheels a, h, we have shown, indicate the hundredths : 
we therefore attach to them another wheel c, having one 
tooth. Let the wheel h of ten teeth be placed opposite. 
" Kow when the axle x, carrying the wheels a, 6, c, has made 
one complete revolution corresponding to one tenth, the 
wheel h will have advanced one tooth; consequently the 
tenths will be represented on the wheel h. 

It is of course understood that the wheels w, t, A, are 
separate, and free to move about the axis x. By repeating 
this combination, we can employ any number of figures we 
choose. 

The wheels «, 7j, a and c, are made after the plan employed 
M the stop-work in a chronometer. In fig. 5, a' and c' indi- 
cate this form of gearing. It is seen that the teeth of one 

20 
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wheel are cut in the. arc of a circle, with the radius equal to 
that of the wheel into which it gears. This arrangement 
prevents any motion, except it be communicated by the units 
wheel. The whole mechanism is therefore locked together, 
and it is just as impossible for it to get out of order as it is 
for ordinary clock gearing. 

Fia. 6. 




The chief merit of this combination is, that it will carry for 
ten either forwards or backwards. This principle is necessary 
in any meteorological printing instrument. We need no 
extra apparatus for bringing the type in line, since if the 
mechanism is well constructed, it will always arrange itself. 
When once set it will remain so, for no change can be made 
without ungearing the machine. 

We use ordinary type which are set in separate disks, being 
afterwards screwed fast to te, f, and h. In case a type is 
accidentally damaged or broken, another can be inserted in a 
few minutes. Steel type would undoubtedly be the best, as 
being more durable and less liable to damage. We should 
add, that the wheels t and i have each 50 teeth ; five teeth 
being moved at one impulse. 

The printed results are received on the strip of papery, 
moved by the clock work fc, fig. 3, which at the same time 
regulates the revolving cylinder o, on which is traced the 
curve of pressure. This same clock raises a i^all hammer 7i , 
by means of a screw or spiral on the minute wheel arbor, 
which at every revolution is allowed to strike the small 
cushion i, by that means leaving the impression of the type 
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on the strip of paper. In order to seenre greater distinctness 
in the printed results, without employing mtich power to 
make the impression, a strip of duplicating impression paper 
is inserted between the type and ordinary sheet of white 
paper. 

We are not limited in our printing to hourly records, but 
they can be obtained as often as is desirable, by supplying 
the additional power required to raise the hammer. The 
clock for moving the printed slip and cylinder is an ordinary 
half-seconds pendulum, which we happened to have at hand. 
It was not thought necessary to print the integer number of 
inches, nor the time ; for the paper slip has the time already 
printed on the side, so that when the record of the day is 
completed, it is only necessary to add the date and integer 
inches. 

One great advantage in the use of this instrument consists 
in the ease with which it may be manipulated. All the 
adjustments are simple and easily accomplished. Any person 
could learn, in a few days at most, to keep it in running 
order, and make any adjustments, should it become necessary 
from accident or other causes. Eo chemicals are needed, 
except the sulphate of copper for the battery, which may 
readily be procured in any town or village. Every part of 
the action is visible to the eye of the observer, so that in 
case any part gets out of order, it will readily be seen. 

The screw Si on which the accuracy of the results will in a 
great measure depend, is, as before remarked, 50 threads to 
the inch, and was cut by Mr. Ohables Fasoldt ; and it is 
found to be a very perfect one. And I will here add that 
the whole mechanism was built in his shop, under my direc 
tion and supervision. 

The best form and arrangement of the float can only be 
determined by experiment. In our original barometer tube, 
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^bich was 0.4 in. diameter, we inserted an ivory float which 
nearly fitted the tube. Tbe upper end of the wire for sup- 
porting the platinum disk <{, was connected with the arm 
carrying tbe platinum points. As this was the first trial of 
the new method, for a number of consecutive days, we 
append the results. The instrument was allowed to run 
from April 24th to 30th, without being disturbed. It was 
set with the standard barometer (Fastr6), at 4 p. h., April 
24th, 1865. 

iwt. Ttoipetstan, StuidaTd Barometer Printing Barometer iMn.— ~. 

""^ Oeotlgnule. reduced to deg. Cent, reduced to deg. Cent, "oerence. 

April 24, 4h. 8.5° 29.947 iu. 29.947 ui. + 0.000 in. 

" 25, 22 10.0 29.934 29.929 + 0.005 

" 26, 2i 13.0 29.789 29.784 +0.005 

" 27, 21J 13.0 29.862 29.859 + 0.003 

" 30, 12.0 29.755 29.750 +0.005 

• 

During this period the barometer reached a maximum of 
30.114, and a minimum of 29.435. 

On the 30tb, the macbine was taken down to modify the 
printing apparatus. 

A comparison of tbese results show that even witb inferior 
and comparatively rough ai)paratus, the individual results 
are equal to a reading obtained from the best standard bar- 
ometer. At this time the registering barometer was not 
compensated for temperature; the reductions being made 
from a short table computed for this purpose. 

Numerous experiments have been made to test the sta- 
bility of the float and magnetic connections. It will hardly 
be necessary to give the results in detail. In case there was 
no friction of any kind, the float ought always to assume the 
same position for the same height of the mercurial column. 
The following is tbe test we have applied. The electrical 
contact being 'broken by tbe key I, fig. 3, tbe screw S was 
tamed so as to force tbe float into tbe mercory 0.010 of an 
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; after which, the current was established, and the float 

allowed to take up a position of equilibrium. The same 

ig was repeated, by turning the screw in the opposite 

ion and lifting up the float. From many trials, it was 

land that there was rarely a difference of 0.002 of an inch, 

id usually less than 0.001 of an inch, from the original 

lition. The same test was applied for larger disturbances, 

0.020 or 0.030 inches with nearly similar results. This is 

:not a fair test, however, since these conditions are never 

zealized in practice. From all our experiments so far, we see 

reason why the machine should change its zero any 

appreciable amount, during a whole year or greater length 

..of time. 

■I The following extracts from our record book will best 
■^i illustrate the stability of the mechanism. 
'^'' r, Jnly 4th. The machine was " blocked" for 6 hours. Dur- 
|j ing this time the barometer rose 0.070 of an inch. After the 
tt float assumed its position of equilibrium, the zero of the 
r^ machine, by comparison with the standard, was found 
I unchanged. • 

I July 20th. The float was screwed up and down 0.200 of 
I an inch to see if there was any friction. After assuming 
fc its position of equilibrium, the zero was found unchanged. 
• Aug. 17th. Float taken out of the barometer tube to put 
r in a heavier platinum wire. The zero was changed 0.005 of 
an inch ; mostly due to the larger wire displacing a greater 
amount of mercury. 

The daily comparison of the printed records, for the months 
of June, July and August, 1865, with the readings obtained 
from the standard barometer (Fastr6), gave for the mean error 
of a single result ±0.0035 in. This determination was based 
on the hypothesis, that the error of reading the standard 
barometer was zero ; which we know ia not the case. 
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The following is a fac simile copy of the record as printed 
by the machine. The numbers on the left hand are the 
hours from noon of the 11th to noon of the 12th. The 
remaining figures are the barometrical heights expressed in ~^ 
thousandths of inches. 

DUDLEY OBSEBTATOBY. '"^ 
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The accompanying lithographic sheet exhibits a few of the 
more remarkable diurnal barometric curves, as recorded by 
our apparatus. The first three curves belong to the scale as 
given at the top of the sheet; the remaining ones to that 
given at the bottom. The height of the barometer is given 
for noon of each day. The scale of the curve is 3.077 times 
the barometric pressure. 

The following remarks will show the apparent atmospheric 
condition at the time : 

May lOt^. Bar. 29.91 in. Cloudy, a light breeze from the 
south. The violent agitation of the barometrical column 
clearly indicates an approaching storm. The small amount 
of depression, however, shows that this storm will not be 
very violent at the place of observation. 

We may here remark, that a few months of observation by 
this method has led us to surmise that the barometer, as a 
weather indicator, does not depend so much upon the amount 
of the variation as upon its quality. If the barometer is 
depressed 0.2 or 0.3 of an inch, and the curve is smooth and 
regular, it does not indicate a sudden change. But, if the 
curve exhibits a violent tremor, it may be taken as a good 
indication of an approaching storm. In how far these views 
are correct can only be determined by a long series of careful 
observations. 

May 11th. Bar. 29.70 in. The curve is rather a remarka- 
ble one, from the fact that apparently there was but little 
atmospheric disturbance at this place. It shows, however, 
that the atmosphere was in a violent state of agitation from 
3 p. M., of the 11th, to 4 A. M., of the 12th. During the 
afternoon of the 11th, the weather was very changeable; 
clouds were continually passing over the heavens. At 6 p. 
M. it began to rain, and continued, with intervals of inter- 
mission, until some time after midnight. During the after- 
noon and evening, the wind blew rather strongly from the 
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southwest, but was at no time very violent here. But at 
other points 200 miles to the east and south of this city, the 
wiud blew a tornado, doing considerable damage to property* 
At New York, it was most violent between 6 and 7 p. m. 

June 26th. Bar. 29.68 in. Cloudy: a heavy shower of 
raiu followed immediately after the depression at 4 p. m. *A 
violent gale of wind 150 miles to the east, about midnight. 

July 16th. Bar. 29.81 in. Eain after 8 p. M. 

July 19th. Bar. 29.69 in. Eain. 

July 26th. Bar. 29.60 in. Cloudy ; light breeze from south. 

Aug. ith. Bar. 29.94 in.. Heavy showers from 6 to 10 
p. M. 

Aug. 12th. Bar. 29.72 in. Clear and pleasant. 

Aug. 16th. Bar. 29.73 in. Eain storm between 6 and 8 
p. M. 

Aug. 22d. Bar. 29.65 in. Eain. 

Aug. 29th. Bar. 29.94 in. Clear. 

Oct. 17th. Bar. 30.20 in. Clear. 

Oct. 18th. Bar. 30.04 in Cloudy, with some rain. A 
violent gale of wind on the night of the 19th ; most severely 
felt along the eastern coast. The observations of the 17th 
and 18th of October were made at New York city. At 14 h. 
the weight for driving the mechanism rested on the floor. 
The barometer, at 9 a. m. of the 19th, stood at 29.40 in. 

The chief sources of error in barometrical results are two- 
fold. 

1st. That due to uncertainty in the value of the coeflScient 
of expansion, for the material nsed. 

2d. That due to the uncertainty in the determination of the 
temperature of the mercurial column. 

The first will have nearly a constant eflfect, and for purposes 
of intercomparison of results, made with the same instru- 
ment, may be neglected. But the second has a very import- 
ant bearing on the accuracy of the results. 
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The methods most commonly employed for attaching the 

uermometer, are either to immerse the bulb in the cistern or 

ix it against the side of the column. In neither case do we 

^et the temperature of the column itself, especially if the 

aanges are rapid. Perhaps the best method now in use, is 

J make the thermometer bulb of the same size as the baro- 

aetrical column. 

From many experiments made during the past year, to 

etermine the effect of temperature, and a full discussion of 

lie xesnits, we decided to employ a siphon proper, which 

iionld have the elements of compensation within itself, 

leieby avoiding the uncertain temperature corrections. 

iat we are not limited exclusively to this form, since an 

rdinary cistern barometer could have been used with equal 

usility, by simply inverting it and bending the lower end in 

siphon form. With this we would get nearly double the 

action which we now obtain, for the same amount of 

tiessure ; but there would be a Variable correction which it 

7oald be necessary to apply to every record, for eliminating 

Ipe error due to capacity of cistern. By making the cistern 

mge in diameter and the siphon small, this correction might 

'jp reduced to a small quantity ; yet where we desire accurate 

cQ8ults, it would nevertheless be necessary to apply it. 

Aside from this objection there is another of still greater 
freight, viz. : the error due to the temperature. A barometer 
fabe in this form might be compensated by suspending it on 
1^ combination of metallic rods, but from many experiments 
irliich we have lately made, we do not consider this mode of 
Kimpensation reliable, since during sudden changes of tem- 
lerature the rods will be affected long before the mercury in 
be barometer tube, especially if it be' of large dimensions. 
Lad t¥e are fully persuaded that the errors of temperature 
ranld more than counterbalance the benefit arising from a 
pxeater extent of scale. It has been suggested to me to use 

21 
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a steel siphon with the upper leg one hundred times the area 
of the lower one. This would give us the advantage of 
nearly double the scale now obtained, but the uncertain tern- 
X>erature error has led me to reject this form entirely. 

The idea of a compensating siphon, was first suggested to 
me by Dr. Jahes Lewis, who proposed to secure the neces- 
sary conditions by making the upper and lower legs in the 
form of a conical frustrum. We propose to accomplish the 
same thing, by employing a certain volume of mercury. 

The whole theory of a siphon compensation depends on 
this fundamental proposition, viz.: If the atmosphere will 
support 30 inches of mercury at 0° Centigrade, at 100° O. it 
will support 30+306=30.540 inches; e being equal to 0.018, 
the expansion in volume of mercury for 100° C. If now in 
a siphon barometer, the increased length of the wJwle column^ 
when the temperature is raised from 0° to 100° 0., is equal to 
306=0.540 inches; the surface of the mercury in the short 
leg of the siphon will remain at the same zero of height for 
all temperatures, at 30 inches of pressure. 

Put 6^=0.016 the expansion of the mercurial column in a 
glass tube for 100° 0. 

2m = length of mercury in the equal legs of the siphon, in 
which the diameter is unity. 
2= length of intermediate column. 
d = diameter of intermediate column. 
h = height for which the compensation is to be computed. 

Then we have the following general formula : 

(2m+foP)e'=»7w. 

It US readily demonstrated that all siphons of the same 
diameter, in the equal legs, will require the same volume of 
mercury for compensation. 

If the siphon be of uniform diameter throughout, it will 
require ^3.7 inches of mercury to compensate at 30 inches 
of piessiil^e. 
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• A. tube of this form will hardly give a sufficient length of 
mercury in the short leg. In order to attain the necessary 
length, we connect the two equal legs with a tube of smaller 
diameter. 

This form is of easy construction, either for glass or steel, 
and it gives us a tube which can be compensated by direct 
experiment. 

The following tables have been calculated to aid in the 
construction of a glass compensated siphon : 



Tablk I. 




Table II. 


d 


m 


D 


w 


0.70 


8. 5 inches. 


0.2i 


m. 0. 62 lbs. Troy 


0.75 


7.2 


0.3 


1.41 


0.80 


6.0 


0.4 


2.50 


0.86 • 


4.6 


0.5 


3.91 


0.90 


3.1 


0.6 


5.61 


0.95 


1.5 


0.7 


7.66 


1.00 


0.0 


0.8 


10.00 






0.9 


12.67 






1.0 


15.64 



In computing these tables A = 30 inches, 1= 34 inches. 

D = diameter of the equal legs. W = weight of mercury 
necessary to compensate. 

Table I, shows the length of the column of mercury in the 
equal legs, for different values of d; the diameter of the 
equal legs of the siphon being regarded as unity. 

Table 11, shows the volume or weight of mercury neces- 
saiy to compensate a siphon, without regard to its shape, 
provided the upper and lower surfaces are equal. 

If we employ a steel siphon, it will be as well to use a 
tabe of equal diameter throughout, connecting the two legs 
by means of a short tube of smaller diameter. At 30 inches 
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of pressure a steel tube will require about 36 inches of mer* 
cury. 

In the construction of a glass siphon, it will be best to 
adopt d = 0,80. After the tube is filled to the theoretical 
height, the whole apparatus can be subjected to different 
degrees of temperature, in the same manner as the compen- 
sation of a pendulum. By reading the standard barometer 
every quarter hour, during the progress of the experiment, 
the exact error of compensation can be determined; and 
by adding or subtracting mercury, the compensation can 
be perfected. In a siphon that is compensated for 30 
inches of pressure, the correction for different degrees of 
pressure and temperature will be very small ; since for 1 inch 
and 100° 0., the correction will only amount to 0.018 inches. 
The largest correction required will rarely amount to 0.004 
inches. 

One of the peculiarities of this method is, that we can 
print our results at any number of places, provided we have 
telegraphic communication. One standard barometer may 
be made to record its indications at fifty different points at 
the same instant. 

This method may be employed for measuring the fall of 
rain, and the results can be printed to thousandths of inches 
every hour, or as often as it is desirable. The general plan 
will be to receive the rain in a glass siphon containing mer- 
cury. One leg of the siphon may be inserted in a brass tube 
of uniform diameter, of 3 feet in height. Let us suppose 
that the mercury stands three inches high in each leg of the 
siphon. If water be poured in the brass tube, the mercury 
will of course rise in the short leg, and may be made to sup- 
I)ort a float with machinery precisely similar to that used for 
the barometer. The area of the vessel receiving the rain can 
be such that the mercury in rising will measure the amount 
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^ rain fallen in decimal parts of an inch. When the water 
is drawn off, the machine will of itself come back to zero. 
If desirable, the apparatus for carrying ten can be so modified 
that it shall only act in one direction, viz. : when the mercury 
is rising in the short leg ; in this case, we would, at the end 
df every month, have the total amount of rain fallen, and 
the same for the year. This form would probably be prefer- 
able, because when the water is drawn off, if any quantity 
ilionld remain in the tube, it would have no effect on the 
ttecaracy of the results. 

' In applying this principle to the registration of the tem- 
perature we would use a simple metallic thermometer. A 
motion of two or three inches for 100 degrees Centigrade is 
amply sufScient to measure with certainty tenths of a degree. 
After having determined the scale of the instrument, it 
becomes an easy matter to adapt mechanism which shall 
print the results in degrees and decimals, without the ueces- 
itty of any subsequent reductions. The curve for tempera- 
ftme and rain can be recorded on the same cylinder. One 
battery will be sufGicient for all the instruments. 

For the registration of the force and direction of the wind, 
ttie printing portion of the mechanism will be of great 
talue ; since it will be an easy matter to connect it with an 
iknemometer, so as to print the direction in degrees of the 
obcnniference, and the force or velocity in pounds or miles. 
VHiether this method can be applied successfully to mag- 
lertical instruments, remains to be determined ; but without 
Kftving made any experiments in this direction, we see no 
iBiious obstacle in the way of its application. 
';^ The error of reading a first class standard barometer is 
tonaiderable ; chiefly owing to the diflSculty in bringing the 
iipfarin of the mercury in the cistern to the zero of height. 
Pb* -apeak now of that class of barometers where the surface 



92 DESCRIPTION OF THE OBSERVATORY. 

of the mercury in the cistern is brought in contact with the 
point of an ivory pin. The uncertainty of making an exact 
contact may affect the readings to the extent of 0.008 of an 
inch. The mean error for reading our standard barometer 
(Fastr^), tube of one-half inch diameter, and cistern of two 
inches diameter, is tiearly 0.004 of an inch. We also find 
that there is a personal equation existing between the read- 
ings of two observers, mostly due to this cause. This per- 
sonality, between my assistant, Mr. McOlitbe, and myself, 
amounts in the maximum to 0.005 of an inch. It is also 
found that readings made by the light of a lamp are not the 
same as the daylight readings ; the difference in some cases 
amounting to 0.010 of an inch. 

It is proposed to obviate a large source of these difSculties 
by using electrical contact to bring the surface of the mercury 
in the cistern to the zero. This can readily be done at fixed 
stations, where meteorological observations are carried on, 
with but little trouble. In place of the ivory pin usually 
employed, we would substitute a double platinum pin, one 
point of which should pass through a small metal disk resting 
on the surface of the mercury in the cistern, and the other, 
placed above the surface of the disk. If these two pins are 
insulated, and connected with the poles of a galvanic battery, 
when the mercury in the cistern is raised, bringing the metal 
disk in contact with the platinum point, the current will be 
established, and an audible signal can be given by means of 
an electro-magnet. By this means we eliminate all errors 
and personal equation, in determining the zero of the cistern ; 
and consequently the remaining error of reading will bo 
confined to the bisection of the upper surface. The actual 
test of the magnetic connection as applied to our barometer 
gave the following results. We would remark, however, that 
no metal disk was employed, but one platinum wire was 
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-])IuDged directly into the mercury, and the other was made 
of the same length as the ivory pin, and only touchecl the 
sarface when the contact was made for bringing the mercury 
in the cistern to zero. 

A large number of readings made by Mr. MgGlure and 
myself, showed that by this method the personal equation was 
mtirely eliminated ; the mean of five or ten consecutive read- 
ings not differing by an appreciable quantity. The mean 
enor for a single reading amounted to 0.001 of an inch, and 
the maximum error to 0.002 of an inch; showing conclu- 
rively that the chief source of error in reading a barometer 
lies in the a^'ustment of the surface of the mercury in the 
cistern to the zero. 

As this method of recording meteorological phenomena is 
new and totally different from any now in use, we have 
thought proper to append the hourly results, as printed by 
the machine. During a portion of the months of September 
and October, the machine was set up in New York city ; we 
have, accordingly, omitted the observations in those months. 
The first column is the day of the month. The second is 
the hight of the barometer in inches and decimals. The re- 
maining columns give only the thousandths of inches ; the 
integer inches being inferred from the numbers in the second 
column. 

The last two columns give the sum and mean for each day. 
riie two horizontal columns at the bottom of each table, 
rive the sum and mean for each hour, for the whole month. 
The day is in astronomical time ; Oh being noon. 
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of the mercary in the cistern is brought iu contact with tHi^ 
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contact may afTect the readings to the extent of 0.008 of aftj 
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DAT. 


Wi, 


lOA. 


llA. 


12^. 


ISA. 


lih. 


ISh, 


KVi. 


17/i. 


1 


29.806 


807 


815 


822 


821 


821 


815 


825 


842 


2 


29.848 


854 


874 


880 


888 


• • • « 


.... 


. • • • 


* * • • 


3 


29.821 


821 


834 


836 


833 


829 


821 


814 


• * • • 


4 


29.77« 


789 


790 


794 


799 


800 


803 


817 


857 


5 


30.071 


090 


111 


103 


104 


111 


110 


135 


150 


6 


30.104 


107 


105 


098 


074 


063 


032 


023 


022 


7 


29.829 


823 


820 


813 


813 


814 


812 


810 


827 


8 


29.910 


921 


917 


918 


••• ■ 


• • * • 


• • • • 


.... 


• • » • 


9 


29.786 


778 


771 


752 


739 


710 


700 


699 


693 


10 


29.780 


805 


814 


826 


830 


835 


848 


855 


876 


11 


29.842 


845 


840 


839 


826 


823 


824 


820 


817 


12 


29.667 


678 


688 


694 


691 


689 


697 


704 


729 


13 


29.902 


910 


917 


927 


939 


948 


955 


965 


985 


14 


30.028 


048. 


063 


072 


077 


087 


100 


110 


125 


15 


30.129 


127 


123 
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093 


094 


101 


092 


093 


16 


29.994 


995 


000 


001 


998 


998 


990 


989 


010 


17 


29.908 


917 


915 


915 


913 


908 


907 


908 


915 


18 


29.898 


897 


903 


909 


910 


910 


902 


903 
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19 
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880 
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875 


872 


867 


861 


862 


868 
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863 


857 
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855 


852 


856 
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842 


848 


848 


848 


853 


866 
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29.889 
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895 


894 
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930 


952 
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24 


29.892 


892 
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889 
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879 
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563 
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* • » « 


. . • • 


• ■ ■ • 
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29 
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687 
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659 
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29.883 




BEMABKS. 










June 


1st, clear; smoky; wind W. 










a 


2d, cloudy. 










a 


3d, fair. 










u 


4th, hazy. 










a 


5th, sprinkle of rain. 
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191^ 










DAT. 


Vk 


.A. 


». 


^ 


4h. 


* 


0*. 


7^ 


s*. 




39.845 


838 


839 


820 


811 


803 


793 


784 


775 




39.843 


634 


632 


694 


619 


638 


657 


676 


6B5 




39.803 


799 


793 


792 


793 


794 


795 


790 


795 




39.779 


T6fi 


751 


745 


739 


733 


733 


799 


742 




39.804 


803 


805 


805 


814 


827 


845 




B8S 




39.993 


ms 


943 


909 


903 


887 


861 


855 


841 




39.609 


fill 




612 


615 




S5l 


653 


666 




iS,764 


749 


733 


711 




6iW 


684 


689 


692 




99,771 


771 


779 


773 


77 


770 


773 


793 




I ;!!;! 


99.93? 


919 


909 




87 




853 


844 


815 


1 


99.7ia 


710 


693 


687 


67 


665 


653 


653 


653 


la..... 


99.733 




708 


696 


688 


679 




670 


672 


1 


99.7S5 


T55 


765 


772 


77 


783 


793 


812 


808 


1 


29.883 


870 


R60 


854 






836 




868 


1 


99.873 


863 


850 


841 


83 


835 




826 


835 


1 


99.810 


777 




771 


737 


709 


700 




646 


1 


99.536 


544 


553 


556 


553 


516 


558 


58^ 


607 


18 


99.663 


657 


648 


642 


63.S 


630 




610 


649 


19 


99.886 


671 


649 


626 


610 


578 


557 


5.17 


525 


SO 


S9.660 


683 


sua 


690 




708 


730 


745 


760 


21 


99.8aa 


819 


SK 




833 


830 




851 


862 


aa..... 


59.935 


913 


000 




875 


861 


848 


845 


854 




99 865 


848 


833 


826 


819 


817 


8U 


B13 


816 


a'.'.'.'.'. 


99.857 


851 


839 


831 


826 


828 


823 


823 


846 


as 


39.788 


773 


756 


714 


688 


665 




623 


607 


96 


99.597 


588 


585 


590 


595 


607 




606 


617 


ST 


39.665 


659 


647 


646 


653 


642 


634 


609 


690 


as 


39.730 


704 


707 


684 


672 


*5 


G49 


660 




39 


39.734 


736 


748 


752 


755 


55 


780 


797 


803 


30 


39.979 


9t» 






975 


75 


975 


994 


008 


31 

Mean,. 


30.180 


IM 


169 


145 


143 


40 


137 


130 


139 


34.380 


24.133 


23.946 


33.686 


33.520 


93.376 


93.361 


23.498 


93.674 


99.786 


99.778 


99.773 


99.764 


39.759 


39.754 


99.754 


29.758 


99.784 








HEM 


RKS. 










July 


iBt, cloudy; 
23, cloudy ; 
3d, clear. 
4 th, changea 
5th, clear. 
6th, cloudy. 
lih, ehower o 
8th, cloudy. 
Sth, clear. 
0th, clear. 


rain fa 
rain fa 

le. 
f rain, 


I 0'".l 

I o'".a 
witht 


innder 


(IS. w 
; rain 


fall 0'° 


24. 





DESCBIPnON OF THE OBSEBVATORY, 





METEOROLOGICAL OBSERVATIONS. 








TTPO-BAROGKAPH. 














Jm.1, 1895. 










DAT. 


w. 


Mft. 


u^ 


m. 


IM. 


.4*. 


un. 


.^ 


17*. 


, 


39.772 


758 


732 


698 


693 


683 


644 


633 


631 


%'.'.'.'. 


39.714 


T34 


745 


740 


744 


744 


737 




767 


3 


39.81! 


809 


809 


805 


804 


796 


793 




792 




39.757 


764 


765 


763 


751 


744 


756 




779 


5.'.'.'.'. 


29,920 


915 


965 


953 


958 


944 


948 


969 


9S7 


6 




813 


779 


751 


698 


664 




643 


608 




391686 


700 


722 


733 


713 


705 


710 


793 


737 


s'.'.'.'.'. 


39.708 


706 


706 


707 


708 


708 


709 


710 


711 


9 


39.873 


891 


919 


943 


945 


949 


957 


965 


967 


10 


29.820 


816 


817 


818 


812 


808 


796 


7 3 


768 


11 


29.68i 


692 


702 


700 


704 


710 


711 






12 


29.682 


678 


669 


663 


646 


631 


607 


605 


639 


IS 


29.818 




821 


816 


813 


813 


813 


819 


836 


H 


29.884 




894 


893 


893 


891 


893 


894 


907 


15 


29.854 


854 


854 


S.M 


850 




830 


828 






29.634 


607 


668 




479 


457 


467 


480 






29.625 


643 


648 


648 


645 




640 




668 


18 


29.658 


677 




694 


694 




693 


897 




19 


29.525 


516 


497 




473 




464 




498 




«1.:75 










798 


799 


801 


805 




ai m 




890 


903 






904 


906 




aa 


29.fiH 


867 


864 


871 






881 




897 


as 


S3.i<a 


838 




823 


827 


832 


8Xi 


835 


846 


34 


29.1*56 


871 


874 


872 


869 




857 


864 


860 


its 


29.615 


615 


624 


610 




587 


571 




581 


ae.,... 


29.637 


634 








627 


631 




668 


27 


29.703 


713 










719 




747 


S8 


29 659 


660 


6S9 






628 


607 




601 


99 


29,KM 


854 


879 


666 


867 


869 


869 




943 


30 


no.(na 


068 


074 


084 






108 




137 


31 

Sum,.. 
H«u>,. 


■jom 


173 


169 


177 


178 


183 




909 


233 


34.1)93 


S45n 


24.310 


24.196 


uxm 


33.875 


33.799 


93.979 


34.367 


89.777 


39,783 


S9.784 


S9.780 


29.775 


29.770 


S9.7S7 


99.773 


29.783 








BBUARKS. 










July 


11th, changea 
12th, clondy. 
13th, cloudy. 
14th, clear. 

5th, cloudy. 
16th, shower 

Tth, rain fall 
leth, clear. 
19th, changea 
20th, clear. 
21st, clear. 


ble. 
f rain 

I'-.ao ; 

ble; ra 


rain fall d^A 
Vind W. 

n fall 0'>.64. 


6. 









DESCRIPTION OF THE OBSEEVATOEY. 



METEOEOLOGICAL OBSERVATIONS. 

TYPO-BAROGEAPH. 

JDI.T, IS^ 


DAT. 


IM. 


leh. 


m 


"*■ 


3Bk. 


^. 


«- 


K«o. 




S9,631 
29.773 

29790 

»).ooa 

29,605 
39.761 

39!971 
S9J66 
39,743 
39.643 
39.BaO 
39,921 
89-827 
29.496 
89.680 
29.736 
29.537 

29 805 
29.923 
29.905 
99B60 
39.867 
39 .570 
39.668 
39.749 
39.610 
39,940 
30,158 

30 233 


627 

786 
802 
012 
592 

731 
983 
764 
750 
675 
871 

827 
502 
693 
727 
582 
822 
932 
911 
866 

583 

fiSO 
749 

610 
979 

18:t 

356 


620 
800 
807 

814 

390 
781 
739 
981 
756 
753 
706 
S87 
923 
827 
.Wl 
703 
731i 
611 
S33 
941 
906 
872 
854 
693 
ti79 
745 

yr« 

312 
349 


628 
816 
785 
809 

775 

886 
90S 
818 
503 

616 
830 
93J 
904 

840 
586 
6S1 
7-14 
724 
994 
219 
253 


629 

787 
807 
012 
596 

728 
890 

8O0 
733 

931 

892 

836 
595 
679 
745 
715 
980 
315 
351 


ei3 

813 

783 
800 
0O7 
593 
769 
767 

;?i 

735 
743 
884 
889 
805 

705 
653 
823 
937 
R86 
870 
801 
606 
667 
727 
713 
986 
194 
243 


17.318 

IS:385 
22,113 

16,703 

2i;359 
19,603 

16:263 
19.660 
31.361 
20,061 
4.398 
4il94 
8J40 
3.485 
8.483 
1.156 
21.306 
S0.150 
20.307 
15.164 
15.138 

I5!911 

30,593 
9,811 
4,481 


29.722 
29,730 
29.796 
29.766 
39.921 
29.758 

3g!886 
29.817 

29:678 
39.819 
39.886 
39.836 
39.600 
39,635 
39 681 
39,562 
29,770 
29,881 
29,884 
39,840 
29,849 
29,6.12 
39,633 
39.702 
39,661 
89.858 
30 076 
30.187 








































31 




















Son.,... 
Me.!..- 


S4&26 


34.830 


25.119 


25.135 


25.047 


34.916 






29,791 


29.B01 


39.810 


59.810 


39.808 


39.804 






July22d, clear. 
" 23d, clear. 
" 24th, elear. 
" 25th, cloudy ; rai 
" 36th, rain fall O'" 
" 27th, changeable 
" 28th, cloudy. 
" 29th, cloudy. 
" 30th, clear. 
« 31at, clear. 


n fall 

le. 


EMABK 

M2. 


8. 
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DESCRIPTION OF THE OBSERVATORY. 





METEOEOLOGIOAL OBSEEVATIONS. 








TYPO-BAROGRAPH. 














AVGUflT, 186S. 










DAY. 


(M. 


lA. 


2A. 


3h, 


4A. 


ftA. 


eh. 


7A. 


8a. 


1 


30.225 


212 


98 


180 


165 


157 


148 


150 


176 


2 


30.162 


142 


116 


098 


076 


071 


056 


051 


052 


3 


30.011 


991 


979 


971 


968 


964 


961 


956 


972 


4 


29.941 


916 


894 


872 


864 


861 


874 


911 


890 


5 


29.917 


912 


898 


878 


875 


869 


870 


890 


891 


6 


29.753 


720 


702 


666 


644 


621 


612 


615 


594 


7 


29.532 


537 


547 


543 


562 


579 


600 


624 


637 


8 


29.811 


806 


801 


796 


791 


786 


788 


793 


821 


9 


29.866 


847 


828 


821 


803 


798 


792 


790 


806 


10 


29.661 


632 


611 


606 


585 


580 


563 


561 


564 


11 


29.554 


554 


555 


563 


551 


569 


587 


607 


639 


12 


29.717 


718 


712 


704 


704 


714 


720 


729 


751 


13 


29.883 


873 


864 


851 


844 


839 


831 


841 


856 


14 


29.865 


852 


831 


824 


818 


813 


803 


804 


806 


15 


29.787 


769 


758 


736 


713 


713 


713 


732 


741 


16 


29.735 


728 


717 


708 


716 


731 


741 


780 


778 


17 


29.943 


931 


915 


904 


901 


903 


907 


907 


926 


18 


29.946 


933 


918 


906 


903 


890 


885 


889 


904 


19 


29.859 


830 


812 


797 


791 


802 


806 


810 


814 


20 


29.794 


776 


751 


726 


710 


706 


703 


713 


723 


21 


29.586 


565 


553 


530 


513 


512 


523 


542 


572 


22 


29.650 


637 


621 


636 


629 


609 


603 


601 


611 


23 


29.662 


664 


669 


675 


682 


701 


717 


751 


757 


24 


29.888 


881 


874 


867 


860 


853 


867 


885 


909 


25 


29.994 


983 


970 


959 


964 


> 967 


978 


984 


989 


26 


29.909 


895 


861 


831 


820 


814 


819 


817 


826 


27 


29.752 


755 


751 


753 


752 


765 


777 


797 


822 


28 


29.901 


888 


867 


850 


842 


839 


847 


862 


870 


29 


29.944 


935 


918 


903 


898 


902 


911 


924 


940 


30 


30.094 


083 


070 


062 


057 


043 


051 


054 


067 


31 

Sam,'*. 
Mean,. 


30.029 


008 


979 


957 


941 


935 


927 


929 


943 


26.371 


25.973 


25.540 


25.173 


24.942 


24.906 


24.980 


25i299 


25.647 


29.851 


29.838 


29.824 


29.812 


29.805 


29.803 


29.806 


29.816 


29.827 








BEMil 


lBKS. 










Augu 


St 1st, 


clear. 














(C 


2d, 


clear. 














(( 


3d, 


cloudy. 














u 


4th, 


, clear ; rain fi 


rom 6h. 


to 101 


u; rain 


fall 0'' 


K22. 




it 


6th. 


^ changeable. 














u 


6th, 


, cloudy ; win 


dS. 












u 


7th. 


, clear. 














(C 


8th. 


> clear. 














(( 


9th. 


, clear. 














u 


10th 


, cloudy. 














(( 


11th 


, cloudy. 






• 









DESOEIPnON OF THE OBSERVATOKY. 



■ 


MBTEOKOLOGTOAL OBSERVATIONS. 








TTPO-BAEOGEAPH. 














a™™i. 1M^ 










I.AV. 


9A. 


l»u 


..^ 


m. 


.«. 


14A. 


■«. 


I6A. 


1,^ 


J 


30.176 


304 


189 


195 


196 


183 


184 


183 


179 




30.064 


063 


067 


063 


069 


065 


060 


060 


062 
























29.903 


911 


901 


891 


900 


886 


898 


894 


917 




29.908 


9H 


903 


903 


901 


891 


877 


977 


873 




































































































557 












































S9.SS9 




















39.818 
















































































29.907 








901 






























ao 


39.728 








































ss.esxt 
































808 






































010 


















777 
















































































065 










31 

8aiii,.. 
Mbbh,. 


29.950 


951 


9« 


St49 


945 




MI 


921 


921 


H5.973 


S6.067 


36.051 


36.096 


26.030 


25.994 


35.993 


36.095 


26.381 


S9.B38 


99.841 


39,840 


39.8^ 


29.840 


29.838 


29.838 


29.842 


23.851 








nEMAKKS. 










Align 


8t]2th, clear. 
13th, clear. 
14th, clear. 
15th, clear. 














" 


16th, clear 
tf-. 


Bmol 
32. 


y; shower o 


ram 


■it nig 


t; ra 


n fall 


" 


17tli, clear. 














" 


IBth, clear. 
IBtb, clear. 
SOtfa, clear. 
aiBt, cloud 


y- 
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DESCRIPTION OF THE OBSERVATORY. 



METEOEOLOGIOAL OB8EEVATIONS. 



TYPO-BABOORAPH. 

AUOU8T, lM5b 



DAY. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24...:. 

25 

26 

27 

28 

29 

30 

31 

Saoit • 
Mean, 



ISA. 



30.182 
30.063 
29 975 
29 940 
29.866 
29.509 
29.787 
29.893 
29.769 
29.559 
29.690 
29.929 
29.927 
29.836 
29.755 
29.924 
29.992 
29.903 
29.848 
29.672 
29.614 
29.627 
29.855 
30.016 
30.016 
29.760 
29.905 
29.953 
30.084 
30.070 
29.921 



lOA. 



26.840 



29.866 



218 
059 
976 
924 
859 
511 
797 
893 
753 
555 
716 
911 
917 
834 
752 
930 
004 
895 
853 
669 
629 
631 
877 
030 
016 
776 
919 
961 
104 
077 
922 



26.968 



29.870 



Vifi, 


21A. 


22A. 


23^. 


Bom. 


215 


206 


198 


184 


4508 


057 


040 


039 


027 


1.682 


976 


978 


968 


954 


22.270 


941 


932 


932 


9:12 


21.725 


858 


842 


819 


791 


21.082 


513 


513 


537 


531 


13.880 


798 


818 


803 


816 


16.180 


889 


888 


885 


878 


20.283 


744 


735 


710 


686 


18.787 


554 


555 


557 


557 


13.668 


733 


731 


729 


722 


15.411 


912 


910 


905 


888 


19.518 


918 


912 


902 


887 


21.006 


828 


824 


822 


807 


19.700 


754 


765 


755 


752 


17.822 


936 


969 


960 


951 


19.961 


999 


992 


983 


956 


21.688 


897 


887 


884 


873 


21.595 


842 


836 


832 


823 


19.808 


662 


658 


636 


605 


16.751 


640 


637 


656 


660 


13.871 


629 


6-14 


656 


660 


14.854 


872 


891 


905 


895 


18.765 


041 


034 


022 


014 


15.756 


008 


994 


974 


943 


13.795 


770 


762 


762 


760 


19.226 


929 


926 


935 


918 


20.176 


962 


962 


967 


959 


21.642 


113 


120 


116 


107 


12.001 


075 


077 


065 


054 


1.579 


911 


902 


882 


865 


20.496 


26.976 


26.940 


26.796 


26.455 




28.870 


29.869 


29.864 


29.853 





30.188 
30.070 
29.970 
29.905 
29.878 
29.578 
29.674 
29.845 
29.783 
29.569 
29.642 
29.813 
29.875 
29.821 
29.743 
29.832 
29.945 
29.900 
29.825 
29.698 
29.578 
29.619 
29.782 
29.948 
29.991 
29.801 
29.841 
29.902 
30.000 
30.066 
29.937 



REMARKS. 

August 22d, cloudy ; sprinkle of rain. 

" 23d, changeable. 

" 24th, clear. 

" 25th, clear; shower at night; rain fall 0*".43. 

" 26th, changeable. 

" 27th, cloudy. 

" 28th, changeable. 

" 29th, clear; smoky. 

" 30th, clear; smoky. 

" 31st, changeable. 



DESCRIPTION OP THE OBSERVATORY. 
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METBOEOLOGIOAL OBSERVATIONS. 






TYPO-BAROGRAPH. 






NOVSXBEB, 1865. 




DAY. 


Oh. 


lA. 


2h. 


SA. 


ih. 


Sh, 


eh. 


Ih, 


M. 


1 


30.183 


173 


162 


155 


148 


116 


136 


135 


116 


2 


29.836 


825 


817 


811 


809 


822 


820 


834 


822 


3 


29.949 


924 


916 


919 


921 


917 


923 


932 


924 


4 


29.713 


657 


638 


584 


551 


495 


461 


409 


395 


5 


29.324 


343 


364 


400 


435 


466 


504 


546 


570 


6 


29.724 


675 


630 


604 


604 


612 


609 


617 


600 


7 


30.040 


066 


097 


124 


163 


192 


217 


245 


267 


8 


30.318 


291 


260 


240 


209 


190 


168 


149 


127 


9 


29.963 


972 


984 


004 


024 


048 


069 


083 


098 


10 


30.326 


326 


327 


341 


352 


372 


401 


418 


441 


11 


30.493 


465 


448 


439 


434 


423 


421 


421 


419 


12 


30.241 


197 


160 


133 


105 


082 


068 


044 


021 


13 


29.769 


748 


744 


731 


722 


724 


731 


734 


735 


14 


29 697 


690 


685 


687 


698 


703 


717 


724 


729 


15 


29.771 


752 


749 


738 


735 


738 


743 


754 


764 


16 


29.880 


865 


855 


852 


852 


850 


850 


841 


831 


17 


29.636 


593 


584 


584 


584 


602 


615 


677 


725 


18 


29.930 


918 


913 


925 


918 


922 


932 


937 


956 


19 


30.018 


020 


001 


005 


031 


029 


046 


050 


069 


20 


30.148 


130 


117 


104 


099 


094 


091 


076 


065 


21 


29.655 


604 


562 


527 


484 


468 


448 


405 


368 


22 


29.253 


257 


261 


272 


292 


312 


337 


339 


341 


23 


29.500 


505 


511 


529 


553 


576 


608 


637 


650 


24 


29.804 


800 


803 


804 


813 


819 


843 


846 


843 


25 


29.814 


802 


799 


797 


804 


804 


807 


813 


813 


26 


29.821 


808 


793 


793 


795 


802 


805 


810 


811 


27 

28 

29 


29.683 


660 


642 


635 


625 


622 


625 


636 


628 


30.008 


'997 


'972 


• • • « 

967 


• • • • 

959 


"955 


958 


* * * « 

946 


• » • • 

933 


30 

Sum,.. 
Mean,. 


29.672 


632 


604 


570 


538 


515 


512 


477 


440 


25.169 


24.695 


24.398 


24374 


24.257 


24.270 


24.465 


24.535 


24.507 


29.868 


29^1 


29.841 


29.837 


29.836 


29.837 


29.844 


29.846 


29.845 




BEMABKS. 




Nov. 


1st, rain and high S. wind, from 16th h. to noon of th 


e 2d. 


(( 


2d, cloudy. 




u 


3d, rain after midnight, continued without intermi 
until after midnight of the 4th. 


ission 


u 


4th, high wind from the JN. W. began to blow at llh. 

A. H. 


30m. 


ii 


5th, wind continued violent until 8 p. k. 




ii 


6th, high wind from S. W. 




u 


7th, clear. 




u 


8th, clear and pleasant. 




u 


9th, cloudy. 





23 
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DESCRIPnON OF THE OBSERVATORY 





METEOEOLOGIOAL OBSBEVATIONS. 






TYPO-BABOGBAPH. 






















DAY. 


ttk. 


lOfc. 


llA. 


12h, 


UA. 


14h. 


ISA. 


leA. 


17/k. 


1 


30.110 


112 


106 


095 


081 


043 


024 


003 


994 


2 


29.859 


857 


857 


861 


865 


876 


876 


881 


886 


3 


29.911 


924 


905 


902 


902 


895 


880 


856 


843 


4 


29.377 


353 


334 


325 


330 


321 


316 


316 


323 


5 


29.613 


638 


667 


701 


727 


755 


767 


798 


806 


6 


29.605 


613 


621 


636 


646 


686 


718 


752 


803 


7 


30i»6 


292 


293 


312 


318 


325 


336 


337 


346 


8 


30.115 


084 


060 


064 


029 


003 


972 


959 


941 


9 


30.120 


135 


152 


175 


185 


202 


208 


220 


239 


10 


30.457 


467 


469 


473 


471 


464 


472 


479 


478 


11 


30.413 


406 


398 


394 


374 


372 


353 


342 


337 


12 


29.996 


971 


959 


945 


928 


918 


906 


893 


884 


13 


29.730 


728 


725 


728 


735 


733 


737 


737 


739 


14 


29.733 


741 


741 


727 


727 


743 


737 


761 


768 


15 


29.771 


782 


795 


805 


812 


816 


815 


826 


841 


16 


29.827 


825 


816 


815 


800 


788 


775 


761 


745 


17 


29.764 


803 


824 


840 


827 


878 


867 


869 


866 


lo. • • • . 


29.953 


957 


959 


963 


947 


941 


949 


965 


941 


19 


30.078 


088 


084 


077 


083 


106 


120 


123 


124 


20 


30.052 


062 


014 


009 


978 


928 


894 


900 


876 


21 


29.340 


304 


278 


275 


252 


255 


257 


245 


236 


22 


29.341 


345 


353 


357 


365 


369 


374 


382 


397 


23 


29.664 


675 


685 


695 


706 


719 


724 


736 


747 


24 


29.846 


847 


847 


839 


835 


834 


828 


823 


824 


25 


29.813 


807 


805 


793 


78'! 


777 


780 


792 


794 


' 26 


29.814 


816 


816 


810 


804 


798 


774 


766 


757 


i 27 

28 

29 


29.644 


649 


720 


749 


775 


816 


822 


838 


852 


29.920 


• • • • 

906 


"876 


'858 


'848 


"840 


'822 


*795 


• • « • 

796 


30 

Sum,.. 
Mean,. 


29.394 


402 


361 


317 
24.540 


299 


292 


279 


266 


252 


24.546 


24.589 


24.520 


24.433 


24.493 


24.382 


24.421 


24.435 


29.846 


29.848 


29.846 


29.846 


29.842 


29.845 


29.841 


29.842 


29.843 






BEHi 


LRKB. 










Nov. 


10th, cloudy 














(( 


lltb, changeable. 














cc 


12th, changeable. 














C( 


18 th, cloudy ; haze. 














a 


14th, clear; hazy. 














a 


16 th, clear. 














u 


16th, changeable. 














cc 


17th, changeable. * 














cc 


18th, rain storm. 














(( 


19th, rain. 






• 
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METEOEOLOGIOAL OBSEKVATIONS. 






TYPO-BAROGRAPH. 










NOVEaCBEB, 18Q5. 








DAY. 


ISA. 


JSh, 


2(M. 


21A. 


22A. 


23A. 


Sum. 


acean. 


1 


29.988 


961 


962 


934 


915 


900 


8.552 


30.065 


2 


29.885 


887 


905 


926 


934 


949 


20.700 


29.862 


3 


29.8:t9 


834 


835 


806 


788 


762 


21.207 


29.884 


4 


29.320 


316 


318 


308 


312 


330 


9.802 


29.408 


5 


29.810 


826 


829 


822 


804 


783 


15.304 


29.638 


6 


29.847 


898 


940 


975 


003 


026 


15.444 


29.727 


7 


30.341 


342 


356 


357 


353 


342 


6.347 


30.264 


8. 


29.930 


931 


940 


945 


958 


958 


10.841 


30.077 


9 .-. 


30.248 


285 


302 


331 


336 


342 


6.725 


30.155 


10 


30.492 


503 


510 


511 


514 


514 


10.578 


30.441 


11 


30.326 


320 


318 


311 


296 


272 


9.195 


30.383 


12 


29.870 


863 


860 


8G1 


847 


812 


14.564 


29.982 


13 


29.741 


750 


758 


751 


745 


731 


17.706 


29.738 


14 


29.772 


781 


800 


806 


802 


788 


17.757 


29.740 


15 


29.849 


869 


885 


892 


892 


893 


19.287 


29.804 


16 


29.724 


726 


724 


702 


698 


675 


19.077 


29.795 


17 


29.882 


897 


912 


921 


934 


946 


18.630 


29.776 


18 


29.947 


963 


994 


999 


003 


008 


20.840 


29.952 


19 


30.124 


134 


159 


162 


167 


167 


2.065 


30.086 


20 


29.846 


836 


831 


798 


751 


705 


10.404 


29.975 


21 


29.242 


247 


248 


251 


257 


259 


8.467 


29.353 


22 


29.415 


436 


452 


477 


497 


502 


8.726 


29.364 


23 


29.763 


772 


801 


815 


826 


810 


16 207 


29.675 


24 


29.824 


831 


841 


843 


844 


836 


19.917 


29.830 


25 


29.805 


809 


816 


831 


843 


838 


19.340 


29.806 


26 


29.753 


753 


753 


746 


737 


712 


18.847 


29.785 


27 


29.869 


885 


924 


902 


928 


939 


18.068 


29.753 


1 28 




• • • • 


• V • • 


• • • « 


• • • • 


• • • • 






29 


29.778 


787 


775 


769 


745 


696 


19.906 


29.871 


30 

Stmi) ... 
Mean,.. 


29.247 


252 


261 


275 


294 


314 


9.465 


29.394 


24.477 


24.694 


25.009 


25.027 


25.023 


24.809 






29.844 


29.852 


29.862 


29.863 


29.863 


29.855 








BEMABKS. 








N'ov. 2 


0th, rain storm. 








" 2 


1st, rain from noon of 21st to noon i 


3f 22d, 






" 2 


2d, cloudy ; no wind. 








" 2 


3d, cloudy ; no wind. 








" 2 


4th, cloudy. 








" 2 


5 th, cloudy. 








" 2 


6th, changeable. 








" 2 


7th, one inch of snow fell after midn 


ight. 






" 2 


8th, machine taken down to make s 
a new form of unlocking. 


ome ei 


cperimeni 


bs with 


" 2 


9th, cloudy. 








" 3 


0th, clouds moving rapidly to the 


S. E. 1 


at 22h., 


" curve 




indicates wind." 









^ ao Ml Ml 

DS U« Ifl' 

x^ sot km; »lj 

V.SS sjn »a» 1 9JII 



■■ei ^kH m&^ midnigfat. 



i"L- "Tin rUJ TfV ^If Try 

-lO- fc— m; ii " <i» zitK S, W. begvi ifler midnight. 



X9fi ssul 4 F. X. ; fall o 






V 
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METEOEOLOGIOAL OBSEEVATIONS. 






TYPO-BAROGKAPH. 






Becembeb, 1865. 




DAY. 


Vk 


Itfi. 


UA. 


12A. 


iZfu 


14A. 


15A. 


IQh, 


17A. 


1 


29.567 


610 


. 657 


652 


679 


717 


718 


727 


752 


2 


29.651 


650 


646 


660 


656 


685 


706 


717 


734 


3 


30.035 


036 


034 


027 


991 


968 


966 


952 


955 


4 


29.879 


907 


919 


910 


917 


931 


923 


928 


936 


5 


30.100 


081 


077 


059 


041 


036 


034 


027 


023 


6 


29.846 


832 


824 


783 


753 


706 


675 


637 


611 


7 


29.633 


687 


731 


759 


787 


826 


865 


901 


931 


8 


30.118 


119 


130 


132 


136 


152 


146 


159 


160 


9 


29.829 


779 


753 


715 


704 


690 


684 


680 


669 


10 


29.826 


819 


832 


835 


851 


886 


876 


870 


879 


U 


30.011 


013 


013 


008 


996 


986 


995 


985 


973 


12 


29.804 


823 


819 


802 


817 


815 


832 


867 


886 


XO- . . a • 


30.016 


Oil 


003 


999 


002 


006 


995 


991 


985 


14 


30.012 


017 


024 


997 


991 


993 


991 


984 


989 


15 

16 

17 


30.044 


049 


053 


051 


054 


061 


063 


069 


080 


30.123 


• • * • 

096 


• « • • 

107 


• * • « 

115 


« • • • 

126 


'i46 


'172 


'162 


■ • • « 

155 


18 


29.961 


940 


906 


864 


831 


825 


760 


702 


649 


19 


29.438 


456 


482 


503 


513 


558 


605 


649 


699 


20 


29.721 


679 


595 


592 


477 


335 


298 


221 


176 


21 


29.862 


895 


916 


922 


936 


951 


969 


981 


970 


22 


30.070 


101 


138 


167 


198 


244 


271 


290 


303 


23 


30.357 


334 


292 


274 


235 


197 


166 


112 


080 


24 


29.470 


466 


451 


443 


434 


449 


447 


460 


494 


25 


29.765 


788 


795 


796 


799 


820 


821 


812 


823 


26 


29.731 


694 


675 


636 


601 


577 


527 


492 


466 


27 


29.928 


937 


970 


986 


995 


024 


032 


032 


037 


28 


29.800 


840 


860 


880 


907 


922 


. 958 


968 


974 


29 


30.288 


290 


;302 


293 


307 


286 


290 


278 


278 


30 


30125 


131 


136 


139 


147 


158 


186 


195 


214 


31 

Sonii.* 
Mean,. 


30.129 


116 


098 


061 


037 


023 


005 


973 


966 


27.138 


27.196 


27.238 


27.060 


26.918 


26.973 


26.976 


26.821 


26.847 


29.905 


29.906 


29.908 


29.902 


29.897 


29.899 


29.899 


29.894 


29.895 


' 


BEMABKS. * 




Dec. 


12th, rain from 28li. of 11th until after midnight. 




u 


13th, flurries of snow, wind JV. W. 




ii 


14th, high wind from JN. W. 




li 


15th, changeable. 




u 


16th, machine taken down to test a new barometer tube 


•. 


u 


17th, clear. 




it 


18th, snow at 7 p. m. ; " curve indicates a gale of wind.' 


J 


u 


19th, no wind from 6 to 10 p. M. ; violent gale of wind 


from 




the W. began at 11 p. m. Oscillation of the bi 


irom- 




eter the greatest ever before observed here. 


- 


u 


20th, snow at 9 p. m. ; heavy gale ot wind from the W. ai 


b20h. 


u 


21st, gale from W. continued until 8 p. m. 




tc 


22d, clear. 
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DESCRIPTION OF THE OBSERVATORY. 



METEOEOLOGIOAL OBSEEVATIONS. 

TYPO-BABOaRAPH. 

DXGEMBEB, IMS. 


DAY. 


Wu 


IM. 


20li. 


21A. 


22A. 


23ft. 


Bum. 


Mean. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Sum, .... 

Mean,... 


29.757 
29.774 
29.934 
29.957 
30.017 
29.598 
29.957 
30.168 
29.678 
29.927 
29.981 
29.926 
29.995 
30.010 
30.086 

'30167 
29.617 
29.749 
29.179 
29.973 
30.334 
30.070 
29.500 
29.835 
29.482 
30.046 
29.999 
30.283 
30.237 
29 950 


773 
823 
935 
974 
010 
559 
989 
181 
680 
914 
971 
976 
997 
027 
104 

'170 
608 
831 
152 
954 
356 
020 
511 
849 
448 
039 
030 
291 
256 
942 


797 
875 
921 
999 
002 
556 

on 

179 
694 
934 
970 
023 
000 
032 
119 

"i73 
586 
840 
132 
953 
382 
998 
555 
842 
420 
025 
054 
288 
275 
934 


807 
905 
917 
015 
012 
525 
039 
194 
713 
955 
952 
071 
001 
038 
128 

• • • • 

175 
564 
898 
213 
968 
406 
919 
580 
865 
413 
026 
091 
282 
292 
938 


830 
932 
901 
059 
010 
501 
051 
190 
721 
959 
957 
102 
008 
040 
135 

'165 
551 
915 
302 
968 
404 
852 
603 
857 
438 
002 
126 
296 
300 
932 


791 
932 
861 
056 
984 
427 
041 
164 
712 
960 
952 
083 
993 
Oil 
128 

• ■ • • 

162 
512 
900 
368 
928 
409 
775 
601 
846 
461 
951 
143 
. 239 
• 295 
916 


14.645 
17.536 
15.358 
18.519 

2.062 
18.121 
13.198 

2.897 
15.559 
20.167 
17.485 
17.409 

7.259 
13.682 

4.347 

"'2'843 

12.606 

13.740 

13.204 

19.628 

11.455 

9.080 

12.397 

18.143 

15.063 

12.394 

16.877 

6.121 

4.257 

9.720 


29.610 
29 731 
29.973 
29.897 
30.044 
29.755 
29.717 
30.121 
29.815 
29.840 
29.978 
29.892 
30.011 
29 987 
30.056 

'30.1 i8 
29.859 
29.572 
29..'>50 
29.818 
30.144 
30.212 
29.516 
29.756 
29.628 
29.891 
29.911 
30i255 
30.177 
30.072 


27.186 


27.370 


27.569 


27.902 


28.107 


27.601 






29.906 


29.912 


29.919 


29.931 


29.937 


29.920 






• 

Dec. 23d, snow, wind S. 

" 24th, cloudy. 

" 26tli, clear. 

" 26tli, thaw, sprinkle of rain, wind S. 

" 27th, wind S. 

" 28th, snow and sleet, wind N. E.; at 11 p. m. wind W. 

" 29th, began to snow at 22h., wind JN. W. 

" 30th, snow continued to 8 p. m., fall 3 inches. This was 
probably an eastern storm, although the wind here 
was N. W. At New York and Boston, according 
to the reports, it began about 6 hours earlier than 
at this place. 

" 31 St, clear. 
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METEOEOLOGIOAL OBSEEVATIONS. 






TYPO-BAROGK A PH. 






WRAJSi FOR HOUKS. 




HOTTBS. 


June. 


July. 


Aug. 


Nov. 


Dec 


Mean of tbe 
five months. 





in. 
29.887 


In. 
29.786 


in. 
29.851 


in. 

29.868 


in. 

29.879 


in. 
29.854 


1 


.878 


.778 


.888 


.851 


.864 


.842 


2 


.866 


.772 


.824 


.841 


m. 867 


.832 


3 


.864 


.764 


.812 


.837 


.862 


.824 


4 


.847 


.759 


.805 


m. 836 


.868 


.823 


5 


m. 842 


m. 754 


m. 803 


.837 


.876 


m. 822 


6 


.842 


.754 


.806 


.844 


.888 


.827 


7 


.846 


.758 


.816 


.846 


.899 


.833 


8 


.862 


.764 


.827 


.845 


.902 


.838 


9 


.865 


.171 


.838 


.846 


.905 


.846 


10 


.869 


.783 


.841 


M.o 848 


.906 


.849 


11 


M.O 872 


M.O 784 


.841 


.846 


M.O 908 


M.o 850 


12 


.872 


.780 


M.o 842 


.846 


.902 


.848 


13 


.870 


.775 


.840 


.842 


.897 


.845 


14 


.869 


.770 


.838 


.845 


.899 


.844 


15 


TTl.o 868 


m.o 767 


m.o 838 


in.o 841 


.899 


m.o 843 


16 


.872 


.773 


.842 


.842 


m.o 894 


.845 


17 


.883 


.783 


.851 


.843 


.895 


.851 


18 


.892 


.791 


.866 


.844 


.906 


.860 


19 


.899 


.801 


.870 


.852 


.912 


.867 


20 


M. 902 


M. 810 


M. 870 


.862 


.919 


.873 


21 


.900 


.810 


.869 


M. 863 


.931 


M. 876 


22 


.896 


.808 


.864 


.863 


M. 937 


.874 


23 


.892 


.804 


.863 


.855 


.920 


.865 



m = the minimum of the afternoon. 
Mo = the maximum of the night, 
mo = the minimum of the morning. 
M = the maximum of the morning. 



1 . . ,:\i, i*»i-I jf • -r-f. 



I -f • 






L; 



itt 
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DESCRIPTION OF THE OBSERVATORY. 



MJjlTEOEOLOGIOAL 


OBSEEVATIONS. 




TrPO-BABOOBAFH. 










XKAN FOB DAYS. 






DAYS. 


June. 


July. 


Augiut. 


Nov'r. 


Dec'r. 


1 


29. 820 


29. 722 


30. 188 


30.065 


29. 610 


2 


29.851 


29. 720 


30. 070 


29.862 


29. 731 


3 


29.844 


29. 796 


29.970 


29.884 


29. 973 


4 


29.814 


29.766 


29.905 


29.408 


29. 897 


5 


30.090 


29.921 


29.878 


29.638 


30.044 


6 


30. 070 


29. 758 


29. 578 


29. 727 


29. 755 


7 


29.840 


29. 696 


29. 674 


30. 264 


29. 717 


8 


29. 890 


29. 719 


29. 845 


30.077 


30.121 


9 


29.759 


29. 886 


29. 783 


30. 155 


29. 815 


10 


29.706 


29. 817 


29. 569 


30.441 


29.840 


11 


29. 835 


29. 705 


29. 642 


30.383 


29.978 


12 


i59. 710 


29.678 


29. 813 


29. 982 


29. 892 


13 


29. 916 


29. 819 


29. 875 


29. 738 


30. Oil 


14 


30.069 


29. 886 


29. 821 


29.740 


29. 987 


15 


30.118 


29.836 


29. 743 


29.804 


30.056 


16 


30.000 


29.600 


29.832 


29.795 


S » S S M 


17 


29.921 


29. 625 


29.945 


29. 776 


30.118 


18 


29.900 


29.681 


29.900 


29. 952 


29.859 


19 


29. 875 


29.562 


29. 825 


30.086 


29. 572 


20 


29.857 


29. 770 


29. 698 


29.975 


29.650 


21 


29. 849 


29. 881 


29. 578 


29. 353 


29. 818 


22 


29.908 


29.884 


29. 619 


29.364 


30. 144 


23 


30.022 


29.840 


29. 782 


29. 675 


30.212 


24 


29.895 


29.849 


29. 948 


29.830 


29. 616 


25 


29.730 


29. 632 


29.991 


29.806 


29.756 


26 


29. 587 


29. 632 


29.801 


29. 785 


29. 628 


27 


29. 724 


29.702 


29.841 


29. 753 


29. 891 


28 


29. 861 


29.664 


29.902 




29. 911 


29 


29.684 


29. 858 


30.000 


29. 871 


30.255 


30 


29. 755 


30.076 


30. 066 


29. 394 


30. 177 


31 




30.187 


29. 937 


k • . . . . 


30.072 
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HI 



DIUBNAL -M-AxrMTA ASD HENIMA. 





Min. 


Max.g 


Mln.o 


Max. 


June, 


5 p. AI. 

5 " 

5 " 

4 « 

2 " 

6 " 

5 " 

3 " 


11 P. M. 

11 " 

12 " 

10 " 

11 " 

11 " 
11 " 
11 " 


3 A. H. 
3 " 
3 " 

3 " 

4 " 

3 « 

3 " 

4 " 


o A. IC. 

8 » 

8 " 

9 " 
10 " 

9 " 

8 " 

10 •« 


Julv* 


August, 

November, 

December, 

Mean for all, ... 

Summer, 

Autumn, 



MAXIMA AND MINIMA IN EACH MONTH. 



DATE. 



June, 

July, 

August, - - , 
November, 
December, . 





. 




H 


>> 


S3 


08 


O 


5 


20 


31 


19 


1 





10 


22 


22 


23 







Max. 


Day. 


i 

» 


in. 






30.186 


26 


11 


30. 266 


16 


14 


30.226 


6 


16 


30.514 


21 


17 


30.409 


20 


20 



Min. 



tn. 
29.600 
29. 467 
29.502 
29.236 
29.132 



Hourly 
Bange. 



tn. 
6.686 
0.799 
0.723 
1.278 
1.277 



Max. Bar. recorded 30.514. Min. 29.132. 



MAXIMA AND MIKIMA FOB DAYS. 



MONTH. 


Day. 


Max. 


Day. 


Min. 


Daily 
Bange. 


Jnue, 


15 
31 
1 
10 
29 


in, 
30.118 
30. 187 
30.188 
30. 441 
30.265 


26 
19 
10 
21 
24 


in. 
29. 587 
29. 662 
29. 669 
29.363 
29. 616 


in. 

0.631 
0.626 
0.919 
1.091 
0.739 


Jnlv, 


August, 

November, 

December, 



Maximum Day, Nov. 10th, 30*".441. Minimum Day, Nov. 
21st, 29»».353. 



24 




835 


830 


833 


82S 


831 


82S 


829 


827 


831 


828 


828 


828 


831 


830 



~. ; -.ii.'i» Tw -.r.rijipM br interpolatioii from the boariy 

■--.-.-: .--?-.->- I: Tas compnted in order to detemune the 

'-'-- -:.K zi'-or. in rainiDg tides in the atmospberp. 

r .- - v.e :'-',m ofjf; transit of the moon to the iwst was 

...-■: ■-■• -;.': Irinar day, and was divided hinr ?t eqnal 

'ir\ .-trXtp^fnting a lunar hour; hoois iafieMmg- tfce 

--■ L.-.'i :j Lours the lower transit. 

Z\.--^ Traits do not show any fixed i 

r;: -hey indicate that the eflfect of Ae i 

ami-jspberic tides is very feeble. Tfce i 
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an interesting one, and worthy of a thorough investigation. 
It is our intention to attach an additional apparatus to our 
mechanism, so as to print the barometrical heights every 
lunar hour. By this plan accurate results would be attained 
with but a small outlay of time aud labor. 

We have recently attached to our instrument an additional 
mechanism, for counting the pulsations of the atmosphere, or 
the oscillations of the barometrical column. The examina- 
tion of the curve will give us some idea of the amount of the 
oscillation, but in order to deduce the numerical results it 
would require a large outlay of time and labor, and the 
results at best would only be an approximation. As in our 
mechanism the wheels a, a", make a complete revolution for 
every change of toW of an inch in the pressure, it is a simple 
problem to register the number of revolutions, which at once 
tells us how far the barometrical column has moved in a day 
or any other period. We have noticed that previous to, and 
during great storms of wind or rain, the barometrical column 
was in a continual state of agitation, and we were anxious to 
determine whether the amount of the disturbance, numerically 
expressed, would not afford an indication of coming weather. 

This subject has not been studied for a sufficient length of 
time to decide positively with regard to the value of this ele- 
ment in indicating the weather, but we do know that the 
numerical record of the oscillations aid greatly in the inter- 
pretation of past phenomena. 

For the thorough investigation of this subject we ought to 
use a barometrical column with a surface of at least one 
square inch. The middle of this column should support a 
float which would move with the least possible friction. Such 
a float has been devised. With such an instrument I believe 
the minute waves of pressure could be recorded, which can- 
not be observed with a column of ordinary size. 
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I have for some time entertained the opinion, that a delicate 
barometer would be affected by the small pulsations of the 
atmosphere, which I have imagined precede great storms, 
from one to three days in advance. 

As the numerical record of the oscillations was not begun 
until about the 1st of January, 1866, but few results can be 
given, bearing upon this topic. We here append, how- 
ever, the record for January, 1866, which if of no scientific 
value, may at least be of some interest, since so far as we 
know it is the first record of the kind which has been made. 

The 1st column is the date ; the 2d, h = barometrical hight 
at noon ; 3d, m = variation of pressure in 24 hours ; 4th, 
m' = maximum variation of pressure in 24 hours ; 5th, o = 
number of oscillations in 24 hours, from noon of the date to 
the noon following; 6th, t = Fahrenheit thermometer at 8 
a. m ; 7th, remarks on the weather. 

In the 3d column, the sign plusy indicates an increase and 
minuSi a decrease of pressure. 

From the 18th to the 22d, the assistant, during my absence, 
neglected to read the record of the oscillations. 

It may here be remarked, that the barometer on the 8th 
of January, attained a higher elvation, than has probably 
ever before been recorded in the United States. 

At 11 A. M. of the 8th, the barometrical height, reduced to 
32° Fahrenheit and the level of the sea, was 31*".ll, and at 
stations west of this place, on nearly the same parallel of 
latitude it stood at 31'".22. This unusual elevation of the 
barometer was accompanied with a corresponding depression 
of the thermometer. At this place the temperature was 
below zero for sixty consecutive hours. 
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METEOEOLOGIOAl OBSERVATIONS. 
Jamtjaet, 1866. 



DATB. 


h. 


„. 


m'. 


o. 


t.8A.Jl. 


REMAKKB. 




fa. 


*n. 


fit. 


<n 


P 




1 


29.90 


+0.23 


030 


0.672 


+34 


CloodriwtaaB. 


2 


30.13 


-0.25 


0.23 


.424 


+26 




3 
4 


29.88 
29.63 


-0.25 
+0.44 


0.27 
0.51 


.330 
.760 


+14 

+22 


Oloiidy ; 4:hanEeabtfi, 


CI«>r;»liit1N W.,<loU* 
Urlskstsr. H. 


E 


30.07 


+0.22 


0.30 


.690 


- 6 


CleuuidclaudT. 


6 


30.29 


+0.32 


0.33 


.522 


+ 8 


Cloudy; -wind H.E. 


7 


30.61 


+0.26 


0.29 


.334 


-10 


dfx; wind M. W. 


8 


30.87 


-0.25 


0.27 


.317 


-17 


a«i; wnm W. 


9 


30.62 


-0.43 


0.44 


.492 


- 5 


aew; wlndN.W. 


10 


30.19 


-0.35 


0.37 


.840 


+ 7 


OoBdTtwiBdH.W. 


11 


29.84 


+0.03 


0.07 


.360 


+28 


amdyjwIiidB. 


12 


29.87 


-0.43 


0.43 


.768 


+30 


aaDdr!>D<>wU9r.ii. 


13 


29.44 


+055 


0.58 


.780 


+35 


"S"^;X'?»'aaS?" 


U 


29.99 


+0.40 


0.48 


.804 


+27 


Snuns Hind i>om w.. 
tram UDDu to 10 r. H. 


15 


30.39 


-0.82 


0.82 


1.200 


- 5 




16 


29.57 


+0.25 


0.33 


.611 


+13 


n-avymilf ofirtndfram 


17 


29.82 


-0.11 


0.22 


1.032 


+27 


Cbj^^^i^iiewlnd 


18 


29.71 


+0.03 


0.20 




+29 


aoaOj. 


19 


2974 


-0.19 


0.31 




+27 


Clondr. 


20 


29.55 


+0.40 


0.60 




+42 


Ckmdj_: WM &. q<dl« 


21 


29.95 


-0.05 


0.12 




+12 


aettiwIndW. 


22 


29.90 


+0.25 


02S 


.360 


+14 


aoDd7:»todw. 


23 


30.15 


+0.14 


0.20 


.288 


+20 


aondyjwlndaE. 


24 


30.29 


-0.62 


0.52 


.800 


+14 


B^g..ow^l*h, 


26 


29.77 


-0.08 


0.16 


.612 


+22 


Snow; wind H.W. 


26 


29.69 


+0.33 


0.35 


.792 


+26 


aondyi anrrlH of now. 


27 


30.02 


—0.01 


0.03 


.156 


+18 


awuidcDld. 


28 


30J)1 


-0.07 


0.13 


.192 


+ 2 


ChMKHblB; gprioUe oT 


29 


29.94 


-0.24 


0.23 


.313 


+17 


Cloady; winds. 


SO 


29.70 


-0.17 


0.22 


.480 


+22 


WlndB. W.; flnrrtaof 


31 


29.63 


-0.24 


0.25 


'.636 


+22 
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The Swedish Tabulating Machine of 6. & £. Sgheutz. 

It is a well known fact that Mr. Ohables E. Babbage was 
tbe first to attempt the construction of a Difference Engine ; 
but owing to some misunderstanding between the inventor 
and the English government, under whose patronage the 
work was carried on, it was never completed. 

In the Edinburgh Eeview for July, 1834, Dr. Lakdkek 
gave an account of Mr. Babbage's machine, which, coming 
under the eye of Mr. Geobge Scheutz, an eminent printer 
at Stockholm, he conceived the idea of building one which 
should do the work contemplated by Mr. Babbage, but on a 
totally different plan, as regards the details of the mechanism. 
After proving the practicability of his ideas in the construc- 
tion of some models, it was allowed to rest for a year or two. 
In 1837, Edward, the son, took up the plan, and in conjunc- 
tion with his father completed a machine of small compass in 
1840. This was exhibited before the Swedish Academy of 
Sciences in 1843. On the certificate of that body, orders to 
manufacture machines were solicited in different countries, 
but without success. After numerous failures to secure assis- 
tance from the Swedish government, for the purpose of con- 
structing a large and complete machine, finally in 1851, the 
Diet with difficulty consented to advance 5,000 rix-dollars, 
(about $1,500), on condition that the machine should be com- 
pleted within a year, and that the inventors should give a 
guarantee to return that sum to. the State if it did not prove 
successful. 

Having already expended all their means in the construc- 
tion of models and tools, they were unable to give the neces- 
sary guarantee, and the invention would probably have been 
abandoned, but for the noble liberality of fifteen members of 
the Swedish Academy of Sciences, who became responsible 
for the amount advanced. 
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The machine was completed in 1853, and performed its 
work perfectly. In consideration of the successful issue of 
the project, and the large sums that had been expended 
by the inventors, the Diet granted a reward of 5,000 rix-dol- 
lars, thus making the total grant 10,000 rix-doUars. 

The machine was taken to England and exhibited before 
the Boyal Society of London, and also placed in the great 
Paris Exposition, where the Gold Medal was unanimously 
awarded to the inventors. 

It was purchased for the Dudley Observatory in 1856, at 
an expense of $5,000. 

This machine was the only one built until 1863, when a 
duplicate was made for the Begistrar General's Office, 
London, England. 

This machine possesses a twofold power, with mechanism 
appropriate for each ; not necessarily connected, though sim- 
ultaneous and automatic in its entire action. These functions 
are, first, the production of certain numerical results ; second, 
the conversion of those results into a permanent legible record. 

The theory of the machine is based on the mathematical 
truth, that in any series of numbers, the nth order of differ- 
ences may be regarded as equal to zero, where n may be any 
namber whatever. To produce such a series by mechanical 
means, the only condition necessary is that there be as many 
variable wheels indicating the numbers as we have differ- 
ences. If n was a very large number, the mechanism would 
become cumbersome and unwieldly. It is found in practice 
that for the great majority of useful computations, four orders 
of differences are sufficient. 

This machine is constructed for four orders, and will conse- 
quently compute any series, in which the fourth (or any 
inferior) order of differences are equal. 
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This will be more easily understood by a simple illustratloi 
Suppose it is desired to tabulate the series of square nuiB 
bers beginning with unity. Let us first see how the 
numbers can be produced by means of successive differences 
We arrange them for convenience in the following table : 

Number. Square. 1st diff. 2d diff. 3d di£ 

1 1 








9 



16 



Having given the number (1) square of 1, and the first dii 
ference 3 = (2* - 1^) and the second diff. 2 = (3^ - 2») -H 
(2=* — 1'), the squares of all successive numbers may be founil 
by continued additions. 

The difference between (2' — 1^) = 3 is the first diff. ; th<' 
second diff. (2) is constant. Then, I 

(3f = 9 = (2)^ + 1st diff. (3) + 2d diff. (2), 

or 9 = 4 + (3 + 2), 

or 9 = 4 + 5, (5) being the second number in column oi 
first differences. 

And the same process may be repeated to any extent. 

What now is required in a machine, is, first to be able t« 
produce the first order of differences, having given the firs 
difference 3, and the second difference (2) constant. 

Suppose we have a wheel, on the circumference of whid 
is inscribed, at equal distances apart, the numbers, 0, 1, 2, 3 
4, 5, 6, 7, 8, 9. If this wheel should be set so that the flgur< 
3 should coincide with a fixed mark, and by means of anj 
simple mechanism, it should be made to advance two divis^ 



•55" 




f 
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ions at every motion of a lever, we should successively cause 
the numbers 3, 5, 7, 9, to coincide with the mark ; and if 
when the wheel has made a complete revolution, it should 
cause another wheel placed by its side to advance one divis- 
ion, the process may be continued so as to form the series of 
first differences, in which every successive number would be 
greater by 2 than the number preceding. 

This principle of successive additions is exemplified in an 
ordinary clock ; for at every oscillation of the pendulum the 
second-hand advances one division, and after this has made a 
complete revolution, the minute-hand has also advanced one 
division. By a slight change in the escapement wheel, the 
second wheel could be made to advance 2, 3, or 4 divisions at 
every oscillation. Hence it will be readily understood how, 
by simple machinery, any constant quantity may be added. 

Now suppose we have three wheels, placed one above the 
other on a vertical (shaft) axis, on each of which is inscribed 
zero and the nine digits, corresponding with a like number of 
divisions on their surfaces. K the number 1 on the upper 
wheel, 3 on the second wheel, and 2 on the third wheel, be 
brought opposite a fixed or zero point; and the nature of 
these wheels be such, that when set in motion by a lever from 
right to left, the second wheel adds its number to the upper 
wheel, and by a motion of the lever from left to right, the 
third wheel adds its number to the second (being in this case 
constant and always equal to 2) ; from this arrangement, we 
will be able to compute a table of square numbers. 

We begin by moving the lever from right to left ; when 3 
(the number on the second wheel) will be added to 1 (the 
Bumber on the upper wheel), making 4 the square of 2. On 
moving the lever back, 2 on the third wheel is added to 3 
on the second wheel, making 5. Moving our lever back 
again from right to left, 5 is added to 4 on the upper wheel, 

•26 
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at sserOi exoepfe the last one ou the right haud, which we place 
at 6. Let all the rings on the second row Ai be set at 9. If 
these numbers were written down they woald stand tltos : 

000000000000005==' Ao* 

999999909999999 ^ Ai- 

Now when the lever b is moved from right to left, every 

number in the row Ai will be added to Aot Ai^d the result will 

stand thus : 

999999999999994 = Ao. 

It is readily perceived that the operation is not complete, 
since we ought to have 

Ao = 000000000000004. 

When the 9 is added to 5, making 14, the units ring, in 
passing through zero, throws out a small lever (by means of 
the projection between the numbers 7 and 8 shown in fig. 1). 
As the motion of the machine is continued, the post c carry- 
ing a lever arm passes in front of the rings, and by means of 
the lever thrown out advances the second ring a unit, making 
it zero, it in turn throws out the next lever to the left, when 
the same process is repeated, and in this example all the rings 
on the upper row, except the 1st, is left at zero. 

In case any difibrence is negative, we get the same result 
by adding the complement, or difference between the number 
and 10. Suppose we wish to subtract 2 from 3, our result 
would be 1. If we take the complement of 2 = 8, and add 
it to 3, we get (10+1), or the same result on the first wheel 
as before. If we wish to subtract 

000000000142346, 
we must set on the machine the complement of this number 

999999999857654, 
adding this complement is the same as subtracting the num- 
ber itself. 

By changing all the rings in the 3d and 5th vertical columns 
on the left, the computation can be made by the sexagesimal 



DESCRIPTION OF THE OBSERVATORY. 121 

Sxe to turn about its center horizontally in eitber direeUon. 
A perspective view of one of tbase rings is ^own in fig. 1. 
To eacb of the vertioal axles is attached four brass shelves, 
fig. 2 supporting small steel levers mounted on pivots. These 
levers occupy a position directly nndemeath the rings (fig. 1) 
th^r o£Bce being to add to the ring above the number cmn- 
ciding with the fixed mark engraved on the ring belovr. 




When the machine is put iu opwation by means of the 
craiik a, the lever i is moved oat horizontally from right to 
left, cansing every one of the vertical axles to revolve from 
right to left, thereby adding all the numbers on the row 
marked Aa to those on Aa. and all those on Ai to Ao- By 
continuing to turn the crank a, the lever i is moved hack 
agaiu from left to right, this time adding the number on A4 
to Ai. and those on Ai to Ai- This process is continued so 
long as the machine is kept in motion. 

If we call the first axle to the right units, then the next 
one will represent tens, and the next hundreds, etc. The 
numbers on any row of difibreoces is, therefore, read from 
left to right, as in ordinary writing. 

When all the ri-jgs are set at zero, by making that division 
coincide with a fixed mark in front, no change will take place 
in their position when tbe machine is put iu o]>eration. 

The process of carrying for 10 will be^t be understood by 
an example. Bappose all the rings in the first row Ao be set 
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Dttring the process of making the computation, the ma- 
chine nl»D prints tlie result, together nitb tbe proper argii- 
urnt, lo ft places of ti^nres. 
\ |H»r(ioi) of the mechauism for priutta^, is shown at tie 
It'fl end «f plate IV. The nuinbere on tbe upper row of 
liiKit iiri> t raiiftferred to the printing part, by means of "tbe 
nttJiched to and re\'olving with the njtper rings. Tbis 
I aiioe shown in fig. 3, has long been used in the striking 
>r th« conuuon eight-day clock. 
n>anI(K may be Rtereolyi>ed on strips ot lead, or printed 
ltd o' iry pn|x»r or cjird-lvoard. By changing the positioD 
III' theoitiTyhig post on one of the rings, we at ouce obtain tbe 
ni'iuitMl \vhtib> iuuiiIht, no waiter huw many decimal places 
itii* iiM'il III Ww cittnptitation. At the average rate of workiDg 
I'Jtt iimi|ilii|i' ivxhK!* arc ealcnlatcd and printed in one hour. 
Ill mili'i* lit is»in]iiite »m -series of nnmbcrs, it is necessary 
to ili>h>i'mlnt^ lliiMirdersof ditferences belonging to that series, 
w hli'li muni Ih' m'I i*n lite pn>]M*r rings. 



Ml I'.MIV 



(Iw- (Iwl ion 



(..-l)( »-2) ^ ^ 

lM»-2 )(w-3)(n-4) 
2.3.4 ^ 

- 4' (H — 5) 



tiTi''iioes. 
; (■■Qiiations : 



■ - 210 A, - 

r- 4S45A4- 

27405 a,- 

;>1300Ai- 
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For facilitating the computation, tlie binomial co-efflcients 
together with their logarithms, belonging to each order of 
differences, are tabulated up to 80 terms. The solution of the 
equations may also be abbreviated, by choosing such terms, 
that the co-efficients in each equation will be multiples of 10, 
100, 1000, etc 

_ If it is desired to set on the machine all the orders at the 
same time, it is necessary to miake a further reduction of 
the quantities found from the equations. We prefer, however, 
to set them consecutively, after the computation has began. 

It i$ found, from our own work as well as that previously 
done with the machine, that it is occasionally liable to an 
accidental error, from the failure of one or more rings to 
perform its office. These errors are purely mechanical, and 
are not to be confounded with the principles on which the 
machine is constructed. 

One of the first requisites is to hold the ring, on which the 
numbers are engraved, so that there shall be no side play, 
and yet allow it to move with the necessary freedom. The 
second is, to be able to destroy the momentum of the ring, 
as soon as the motive force ceases to act. The latter condi- 
tion has been obtained by putting a *' brake " piece on each 
ring, consisting of a small piece of leather or rubber pressed 
against its circumference, by means of a spring. The liability 
of accidental error would be greatly lessened by connecting 
ratchet wheels with each ring, so that it could only move in 
one direction. This would enable us to put more weight on 
the adding levers, without any danger of disturbing the 
position of the ring, when the motion of the shaft is reversed. 
A little attention to a few of these points would secure an 
almost perfect machine. 

For bringing the type in line, previous to making the 
impression, we have employed a brass roller in place of the 
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A. 

AJN" ACT to incorporate the Dudley Observatory, of the city 

of Albany. 

The People of the State of New-York^ represented in Senate 
and Assembly f do enact as follows : 

Sbotiok 1. Thomas W. Olcott, William H. De Witt, Ezra 
P. Prentice, Alden March, Joel Bathbone, Bobert H. Pruyn, 
John B. Tibbitts, Ormsby M. Mitchel, Samuel H. Bansom, 
James H. Armsby, John ]Sr. Wilder, Isaac W. Vosburgh, 
Eliphalet Wickes, Stephen Van Bensselaer, and such others as 
they may associate with themselves, are hereby constituted a 
body corporate and politic forever, by the name and style of 
" The Dudley Observatory, of the City of Albany," for the 
purpose of establishing and maintaining an Astronomical 
Observatory in the city of Albany, and by that name they 
and their successors and associates shall be capable of taking, 
by purchase or otherwise, holding, conveying, or otherwise 
disposing of any real or personal estate, for the purposes of 
this incorporation, which estate shall not at any time exceed 
the net annual income of ten thousand dollars. 

^ 2. The persons above named shall be trustees of the said 
corporation, and shall have power to fill any vacancies which 
may occur in their number, and shall have power to mak^ 
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such by-laws as may be necessary, and not contrary to law, 
relative to the management and disposition of the estate and 
concerns of said corporation, and to appoint such officers 
and servants as they may deem necessary. 

^ 3. The said corporation shall be subject to the general 
provisions and liabilities, contained in the third title, of the 
eighteenth chapter, of the first part of the Bevised Statutes. 



BOARD OF TRUSTEES. 

Thomas W. Olcott, James H. Abmsby, 

Ira Habbis, Isaac W. Vosbuegh, 

William H. Db Witt, Robbbt H. Pbutk, 

Aldbn Mabch, Samuel H. Rajtsom, 

John F. Rathboke, Amos Dean, 

Ebastus D. Falmbb. 



OFFICERS OF THE BOABD. 

Thomas W. Olcott, President. 
William H. Db Witt, Vice-President 
James H. Abmsby, Secretary. 
Isaac W. Vosbuboh, Treasurer. 
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DONORS OF ALBANY. 

Blundina Dudley, $76,600 

Thomas W. Olcott, .•• ' 11,000 

John F. Bathbone, i ^ w - ^ . . . 5»500 

William H. De Witt, 3^000 

Stephen Yan Bensselaer (Seven Acres of Land). 

Edward 0. Delavan, 1,000 

Ezra P. Prentice, 1,000 

Henry Q. Hawley (Gas Works). 

Archibald A. Danlop, 600 

John Knower^ 600 

Alanson Samner, 600 

Robert Dunlop, .-.. 500 

Robert Boyd, 500 

John Taylor, .....:. 500 

Marcus T. Eeynolds, '' 500 

Cornelius Wendell, :...:.... 500 

Samuel H. Bansom, 350 

Isaac W. Vosburgh, 250 

Robert H. Pruyn, 250 

Joel Bathbone, 250 

J. B. Plumb, 250 

Win. V. Many, ........: 250 

EUphalet Wickes, :. 250 

J. V. L. Pruyn , 250 

John B. James, 250 

John T. Norton,. 250 

Alexander Marvin, 250 

T. P. and J. H. Humphrey, 250 

Franklin Townsend, 200 

Robert Townsend , 200 

Gilbert 0. Davidson, '. 160 
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James SterensoD, $100 

inaing Pmyn, 100 

iriesL. An^lu 100 

idH.Peas« 100 

B^Hswley, 100 

■sTowBseDd, , 50 

Mm - -I "«'flt 



DONOBS OF NEW YORK CITY. . . ,,.,, 

JA.LOW, yi4«» 

DuB. Astor, ., ,,..., .IJOW. 

i])h SampeoD, . 1^000 

£ lantic InsoraDce Oompapf,., ..IgQW' 

JamesBrowD, 1^, 

GeoigeLav, ,.,... i IgSaH^ 

GriDDell, MiDtnrn & Co., 500 

John C. Green 600 

James Boornian, 500 

GoodUiie & Co., 500 

George W. BItiiit, (AstroDomical Clock), 

Tbonuis SiiflK'ii, 500 

Henry Cluuuu'ey. 500 

CUaries Butler 500 

Alexaiiiler Viiu Keussehier, _ 500 

IWMJaruiu UrMiulretti 500 

l.WM»rvla L. Sua«e 500 

SttU Mutual lusiiraiiw Co. 500 

WUUaiu IVimistouH 500 

t^ytf(t<4>K^ I'tlwlou 500 

A»t\5^ewi«t 500 

YKItUatu \s£tM.>* .& :S.'u.^ 250 

rtii»W t^»t*t^'«<, 250 

(M» V'. ^H«*w« 250 
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Eidiard H. WiMlow, $250 

Phelps, Dodge & Co., 250 

M^Howland, 250 

J. Boorman, Johnston & Co., 250 

Joseph Steele, 100 

John J. Palmer, 100 

E. Withers, 100 

H. Q.Marquand, 100 

William A. Booth, , 100 

J. E.Oooley, 100 

Caleb Barstow, 100 

George E. Pratt, 100 

Jonathan Sturgis, 100 

B.H. Field, 100 

Gteorge Opdyke, 100 

William Oathout, 100 

Beqjamin O.Lee, 100 

JohnN.Genin, 100 

Robert P. Colgate, 100 

Howes & Co., -- . 100 

H. W.T.Mali, 100 

A., ,0. Richards, 100 

W. T. Oarey, 100 

Gteorge T. Tremble, 100 

Solomon Townsend, 100 

W.C.Langley, 50 

0. H. Sand, for the Ocean Steamer Co., 50 

0. J. &T.W. Goggell, 50 

D. Gapet&Co., 50 

Allen, Hazen & Co., 60 

IT. Islin&Oo., 50 

Ball, Black & Co., 50 

Slociimb, Stowell & Co., 50 
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Marie & Kanz , $ 50 

Tifflin & Ironsides, _ 50 

William Douglas, - * . .^ • 50 

F. Cottenet & AthertoBy 60 

DOKORS. 

John Greig, Oanandaigua, /. ....-•-.. 1,000 

Garret Smith, Peterborough, . ." ......".. 1 ,000 

Alexander Duncan, Providence, E. I., 1,000 

Cyrus Strong, Binghaniton, N. T.,. V. 1,000 

B. A. Gould, Boston, Mass., ... ... 500 

Kathaniel Thayer, Boston, Mass., 500 

E. S.Prosser, Buffalo, N. T., 500 

John McGee, Bath, K T., . . .- .... .... 500 

Eobert Dunlop, Jamesville, N. T., 500 

Marine Bank of Buffalo, K T., 500 

Elisha 0. Litchfield, Cazenovia, IS.Y., 250 

J. B. Lincoln, Boston, Mass., 250 

Mary Wigglesworth, Boston, Mass., 100 

Ann Wigglesworth, Boston, Mass., 100 

Wm. H. Swift, Boston, Mass., 100 

Martin Brimmer, Boston, Mass., 100 

EUwanger and Barry, Bochester, N. Y. (shade trees). 
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c. 

CATALOGUE OF THE LIBEAEY. 
Abhandlang^n, der Mathematischen E^lasse der KSniglich 

■ 

Preussischen Akademie der Wissenschaften aus den 
Jahren 1804-48. 10 vols., 4to. Berlin, 1815-'60. 

Adams, J. C, Irregularities in the Motion of Uranus, 8vo. 

London, 1846. 

Agelet J. Lepaute D'., Observations des Etoiles faites k 
TEcole Militaire en 1784 et 85, 4to. Paris, 1789. 

Agriculture, Eeport of the Commissioner of, for 1862, 8vo. 

Washington, 1863. 

Airy, G. B., On the Corrections in the Elements of Delambr6's 
Solar Tables required by the observations made at the 
Greenwich Observatory, 4to. Cambrid^fe, 1827. 

^_ On the Longitude of the Cambridge Observa- 
tory, 4to. Cambridge, 1828. 

Appendix of the Greenwich Observations, 1836, 



4to. London, 1837. 
On a new Construction of the Goiug — Fusee, 



4to. 

Canibridge, 1841. 

Akademie der Wissenschaften Zu Berlin, Sternkarten Cata- 
loge, folio. Berlin, 1859. 

Albany Institute, Transactions of. 4 vols., 8vo. 

Albany, 1830-'64. 

Albohazen Haly filii Abenragel, scriptoris arabici, de Judiciis 
Astroriim, libri folio. Basileae, 1571. 

Albumasar, De magnis conjunctionibus, annorum revolution- 

ibns, ac eorum profectionibus, octo continens tractatus, 

4to. Yenetiis, 1515. 

27 



[8] APPENDIX. 

Alhazeni Arabis, Opticae Thesaurus, De Orepusculis et Nubi- 
um ascensionibus et Yitellonis Thuringopolini libri X, 
folio. BasUeae, 1572. 

AU^, Moriz, Opposition der Calliope vom Jahr, 1857. 

Wien, 1856. 

Ueber die Bahn der Leda. Wien^ 1858. 

Ueber die Bahn der Nemausa. Wien^ 1860. 



Allies, Jabez, On the causes of»Planetary Motion. 

London^ 1838. 

American Association, for the Advancement of Education, 
Proceedings of the 5th Session at 'Sew York, August, 
1855. Hartford, 1856. 

for the Advancement of Science, 

Proceedings of the 8th, 9th, 10th and 11th Meetings — 
1854~'57. 4 vols. Cambridge, 1856-'58. 

for the Advancement of Science, 



Address before the — 1859. By A. Caswell. 

Cambridge, 1859. 

American Ephemeris and lifautical Almanac, for 1855-^66, 12 
vols, 8vo. Washington, 1852-^64. 

American Geographical and Statistical Society, Special Meet- 
ing of, March 22, 1860. (Polar Exploring Expedition.) 

New York, 1860. 

American Institute of the City of 'Sew York, annual Eeport 
of —1849 and '54, 2 vols, 8vo. Albany. 

American Journal of Science and Arts, 1846-'65. 40 vols. 

New Haven. 

Angstrom, A. J., Sur deux In^galit^s d'une grandeur remar- 
quable dans les apparitions de la Com^te de Hallej, 4to. 

Vpsul, 1862. 



i 
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Annals of the Observatory of Harvard College. Vol. IV, 
Part I, containing Catalogue of Polar and Clock Stars, 
4to. Cambridge^ 1863. 

of Harvard College. Vols. 1, 

2, 3 and Part I of vol. 4, 4 vols, 4to. 

Cambridge, 1855-'63. 

Annuaire da Bureau des longitudes, (Extract de la Connais- 
sance des Terns.) 1818-'46, 26 vols, 16mo. 

Paris, 1818-'45. 

Apiani, Petri, Cosmographicus Liber, jam denus integritati 
restitutus per Gemmam Phrysium. Item ejusdem Gem- 
mal Phrysii libellus de Locorum describendorum ratione, 
et de eorum distantiis inveniendis nunquam ante hac 
visus, 4to. Antverjriae, 1533. 

ApoUonii Pergaei, Conicorum libri IV, Cum Commentariis E 
P. Claudii Eichardi, folio. Antverpiae, 1656. 

Conicorum libri V, VI, VII, et Arcliimedis 

Assumptorum liber, folio. Flormtiae, 1661. 

Arago, Le§ons d' Astronomic. Bruxelles, 1837. 

AxehimMe, Oeuvres de, traduites par F. Peyrard, 4to. 

Paris, 1807. 

Argelander, Dr. Fr. W. Aug., Zonen-Beobachtungen vom 
45, bis 8^. Grade nordl. Declination in mittleren Posi- 
tionen fur 1842 (1 und 11), Abtheilung. Wien, 1851. 

Zonen-Beobachtungen (Fort- 

setzung) 4 and 5 Abtheilung), W. Oeltzen. Wien, 1858. 

Zonen-Beobachtungen (Fort- 



setzuDg) (6 Abtheilung), W. Oeltzen. Wien, 1858. 
Zonen-Beobachtungen, Zus- 



Stze zu dem Kataloge der nordlich, W. Oeltzen. 

Wien. 




^0^ 2«To4«. 



, mC CaBbodge, from 1849-'5i, 

Cmmhridgf, 1S57 and '01. 

i of Greeowich, from 1838-'63, 

Londort. 

A jg ocoadeal Obwrrationa of Eadcliffe Obsen-atoiy, Oxford, 

frim IA40-'G1, 8vo. 21 vols. O:c/orrf. 

AstTonoiBUal Observations of Washiagton, 1838-'50, 4to. 5 

vols. Waslmigton. 

.Vstronomical Society, Memoirs of Royal, vol. XSIX, 4to. 

London, 1861. 

^ Society. Monthly notices of, from 

Feb., 1827-JUDt', 1863. 20 vols. London. 



APPENDIX. [11] 

Astronomical and Meteorological Observations of Washing- 
ton, 1861-'62-'63, 4to, 3 vols. Washington. 

Astronomice sciencie sphericus introduct., Joannis de Sacro 
Busto, 8vo. LipzicICi 1503. 

Aurora Borealis — and a solution offered for the Polar Lights. 
By a Mechanic. CanajdhaHe^ 1835. 

Babbage, Charles, lifote sur la Machine de M. Scheutz pour 
calculer les Tables mathematiques par la M6tbode des 
Differences, et en imprimer les r^ultats sur des planches 
stereotypes, 8vo. Paris, 1856. 

On the Swedish Tabulating Machine of G. 

Scheutz. London^ 1856. 

Sur les Oonstantes de la Nature Olasse des 



Mammif^res, 4to. Bruxelles, 1853. 

Babbage's Calculating Engines. History of, Philosophical 
Magazine, Sept., 1843. 

Babbage, H. P., On Mechanical INiotation as exemplified in 
the Swedish calculating Machine of Messrs. Scheiitz, 1855. 

Babinet et Housel, Calculs Pratiques appliques aux Sciences 
d' Observation. Paris y 1857. 

Baily, Francis, Catalogue of Stars of the British Association 
for the advancement of Science, 4to. London, 1845. 

Doctrine of Interest and Annuities, 4to. 

London, 1808. 

Supplement" to the account of the Eev. John 

Elamsteed, 4to. London, 1837. 

Baily, John, and Thomas Lund. Treatise on the Differential 
Calculus. Cambridge, 1838. 

Bailly, Bistoire de 1' Astronomic Ancienne depuis son origine 
jusqu' & r^tablissement de I'Ecole d'Alexandrie, 4to. 

Paris, 1776. 
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Histoire de rAstax)noinie Moderne depuis la fondation 

de r^ole d'Alexandrie, jusqtf & TEpoque de 1782, 4to. 
3 vols. Paris, 1785. 

Traite de rAstronomie Indienne et Orientale, 4to. 

Paris, 1787. 

Barker, G. P., The Forces of Nature. Albany, 1863. 

Barnard, Henry, American Journal of Education, 1856-'59. 
9 vols. Hartford. 

Bartlett, Wm. H. C, Treatise on Optics. New Torh, 1839. 

Bassnett, T., Outlines of a Mechanical Theory of Storms. 

New York, 1854. 

Baumgartner, A., und A. von Ettingshausen, Zeitschrift fur 
Physik und Mathematik. 10 vols. Wien, 1826-'32. 

Bayeri, Joannis C, Explicatio characterum Franometrias, 
4to. Ulma£ Snevortim, 1640. 

Uranometria omnium asterismorum con- 

tinens schemata, nova methodo delineata aereis Laminis 
expressa, folio. ITlmae, 1661. 

Beer, W., und Madler, Dr. J. H., Der Mond nach seinen kos- 
mischen und individuellen Verhaltnissen, oder allgemeine 
vergleichende Selenographie, 4to. Berlin, 1837. 

Mappa Seleuographica. 

* Berolini, 1834. 

Physische Beobachtungen 

des Mars bei seiner Opposition im September, 1830. 

Berlin 

Bennigsen, E. Chr. von., Biblische Zeitrechn, des alten und 
neuen Testaments, 4to. Leipzig, 1778 

Benzenberg, J. F., Besstimmung der geographischen Lange 
durch Stemschuppen. Hamburg, 1802. 
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Bergius, A. Th., De Orbitis Gometaram ex observationibus 
determiuandis commentatio, 4to. Berolin% 1843. 

Bernoulli, Johannis, Opera Omnia, 4to. 4 vols. 

Lausannae et Geneva, 1742. 

Bertuch, Dr. P. J., Geographische Ephemeriden. 60 vdls. 

Weimar. 

Bessel, F. W., Astronomische Beobachtungen auf der Konig- 
lichen TJniversitats — Stemwarte in Konigsberg, 1813- 
'35, folio. 21 vols. Konigsberg. 

Fnndamenta Astronomiae pro anno 1755, de- 

ducta ex observationibus viri incomparabilis James 
Bradley, in Specula Grenovicensi per annos, 1750 — '62, 
institutis, folio. Begiomonti, 1818. 

Beudant, P. S., Trait6 616mentaire de Physique. Paris, 1833. 

Biot, J. B., Eecherches sur plusieurs points de 1' Astronomie 

Egyptienne. Paris, 1823. 

Bishop's Eclipitical Charts— Oh. to 24h. Epoch, 1825. 

London. 

Blaev Guilielmi, Institutio astronomica de usu globorum et 
sphaerarum coelstium ac terrestrium. 

Amstela4dami, 1655. 

Blair, Hugh, Lectures on Bhetoric and Belles Lettres. 

N&u) York, 11826. 

Blanchet, P. H., Complements de Math^matiques Sp^ciales. 

Paris, 1838. 

Blanchini, Fr., Hesperi et Phosphor! nova phaenomena, sive 
observationes drca planetam Veneris, folio. 

Eoniae, 1728. 

Bltmt's, E. and G. W., Dividing Engine, Description of, 4to. 

New York, 1858. 
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Bode, Johann Elert., Anleitung zur Kenntniss des gestiruten 
Himmels. Berlin^ 1788. 

Vorstellung der Grestirne auf 34 Kupfertafeln, 

nebst einer Anweisuug zum Gtebrauch und eineni Ver- 
zeichniflfe von 5877 Sternen, Nebelflecken und Stern- 
haufen. (German, and French) — With Atlas, 4to. 

Berlin and Stralsund, 1805. 

Uranographia sive astroriim descriptio viginti 



tabulis aeneis, incisa ex recentissimiss et absolutissimis 
astronomorum observationibus. Beroliniy 1801. 

Boguslawski, Dr. von, On the use of a New Micrometer, and 
its application to the detennination of the Parallax of 
Mars, 4to. Loiidon^ 1845. 

Bohnenberger, M. J. G. P., Anleitung zur geographischen 
Ortsbestimmung. Gottingen^ 1795. 

Dasselbe, Neu bearbeitet von 

Dr. G. A. Jahn. Gottingerij 1852. 

Bonaventura Oavalero, Trigonometria plana et sphaerica, 
linearis, et logarithmica, 4to. Bononiae, 1643. 

Bond, W. Oranch, Description of the Observatory at Gam- 
bridge, Mass., 4to. Cambridge^ 1849. 

Bond, Eichard F., Isodynamic Escapement, for Astronomical 
tiocks. Description of. Boston^ 1860 

Book Buyer's Manual, a catalogue of Foreign and American 
books in every department of Literature'. 

New YorlCj 1852. 

Boscovich, Eog. Jos., Dissertatio de Lunae Atmosphaera, 4to. 

Bomaey 1753. 

Boucharlat, J. L., Siemens de Oalcul Diflferentiel et de Oalcul 
Integral, 8vo. Paris^ 1838. 
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Bourdon, Elemens d'Alg^bre, 8vo. Paris^ 1831. 

Application de TAlg^bre & la Q6om6trie, Svo. 

Paris, 1837. 

Elements d'Arithmetique, 8vo. Paris, 1853. 

Bouvier, H. M., Familiar Astronomy. Philadelphia, 1857. 

Bowditch, Nath., M^canique Celeste, Appendix to the 3d vol. 
^ of the translation of the, 4to. Boston, 1834. 

Bradley, Eev. James, Miscellaneous Works and Correspond- 
ence, 4to. Oxford, 1832. 

Brahe (Tychonis), Dani, Astronomiae instauratae progymnas- 
mati liber I, de Nova Stella anni 1572, liber U, Cometa 
anni 1577, 4to. Francofurti, 1610. 

Epistolarum astronomicarum libri, 4to. 

No. liergae, 1601. 

Historia Coelestis, folio. 

Avgustae Yindelicorum, 1666. 

Bredihin, T., Positions de la Com^te de 1858 V, tiroes des 
observations faites & TObservatoire de Moscow. 

Moscow, 1863. 
Bremiker, Dr. C, Theorie des Amsler'schen Polarplanimeters. 

Berlin, 1863. 

Briggius, H. et Gellibrand, Trigonometria Brittannica ; sive 
de doctrina triangulorum, libri duo, folio. 

Goudae, 1633. 
Briinnow, P., Astronomical Notices from 1858-'61. 

Ann Arbor and Albany. 

^ Tables of Victoria, 4to. New York, 1859. 

Tafeln der Flora, 4to. Berlin, 1855. 

Brahns, Dr. C, Dissertatio de Planetis minoribus inter Mar- 
tem et Joven circa solem versantibus. Berolini, 1856. 
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Gleschichte und Beschreibung der Leipziger 

Sternwarte, 4to. Leipzig^ 1861. 

Buisson, B., B^um6 des Th^ries Astronomiques, 4to. 

NauveUe- Orleans y 1843. 

Bulletin des Sciences Math^matlques, Astronomiqiies, Physi- 
ques et Chemiques, 14 vols. Paris^ 1824-'30. 
BuUialdiy Ismaelis, Astronomia philolaica, folio. 

ParisiiSy 1645. 

Busch, A. L., Astronomische Beobachtungen auf der Konig- 
lichen U-Stemwarte zu Konigsberg, 1836-'46, folio. 
6 vols. Konigsberg. 

Busto, Joannis de Sacro, Astronomice sciencie sphericus in- 
troduct, 8vo. Lipzickj 1603. 

Sphaera Mundi, 8vo. VenetiiSy 1490. 

Butler, T. B., Philosophy of the Weather and Guide to its 
Changes. New TorlCy 1856. 

Oacciatore, Niccolo, Specula Panormitana (Beal Osserva- 
torio di Palermo), folio. Palermo. 1826. 

Oagnoli, Antoine, Trigonom6trie rectiligne et sph^rique; 
traduite de ritalien par Ohompr6, 4to. Paris, 1808. 

Oalculs Pratiques appliques aux Sciences d'Observation. 

PariSy 1857. 

Calliope, Ueber die Bahn der, 1859. Wieuy 1857. 

Cambridge Astronomical Observations, 1847-48. Camiridge. 

Astronom. Observ., 1849-'54, 4to. 2 vols. 

Camhridgey 1857-'61. 

Astronom. Observ., 1855-'60. By J. Challis, 4to. 

Canibridgey 1864. 

Canals of the State of New York, Plans, Profiles and Maps 
accompanying the Eeport for 1859. Albantfy 1860. 
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Gardani, H., LibeUi quinque, quorum primus de supplemento 
Almauach, secuudus de restitutione temporum et motu- 
um coelestium, tertius de judiciis geniturarum, quartus 
de revolutionibus, quintus de exemplis centum genitur- 
arum. Ejusdem Aphorismorum astronomicorum seg- 
menta VII, 4to. Norimhergae, 1547. 

Garrington, E. Chr., Catalogue of 3735 Oircumpolar Stars 
observed at Eedhill in 1854, '55, *56, folio. London^ 1857. 

Oircumpolar Charts for 1855. 

Gassini, El^mens d' Astronomie, 4to. Paris^ 1740. 

Tables Astronomiques du Soleil de la Lune, des 

Plan^tes, des Etoiles Fixes, et des Satellites de Jupiter 
et de Saturne, 4to. Paris, 1740. 

Caswell, A., Address before the Amer. Assoc, for the Adv. 
of Science, in 1859. Canibridge, 1859. 

Oataloge zu den 24 Stuuden der Akademischen Sternkarten 
fiir 15^ siidlicher, bis 35^ nordlicher Abweichung, Her- 
ausgegeben von der Koniglichen Akademie der Wis- 
senschaften zu Berlin, folio. Berlin^ 1859. 

Catalogue de 514 Etoiles doubles et multiples, d6couvertes 
sur V H6misph6re celeste boreal', par la grande lunette de 
rObservatoire Central de Poulkova — et de 256 E'toiles 
doubles principales entre 32" et 2' de distance. Public 
par TAcademie Imperiale des Sciences. 

St Peter sbourgy 1843. 

of Foreign and American Books in every depart- 
ment of Literature. — Book Buyer's Manual. 

New Yoric, 1852. 

^ of the places of 1439 Stars, January 1840. De- 



duced from the Greenwich Observations from 1836, Jan. 
1, to 1841, Dec. 31, 4to. London, 1843. 



_ if HX Scan from the Observations made during 

B jmm IS36--47 — at Greeniricit, 4to. LondoH, 1849. 

(JJmanar) of Zodiaca] Stars, 4to. 

Washington, 1864. 

Or/ord, 186a 

_ of Stan near the Edipdc, observed at Matfaeo 

I '^ •- '5a 4 Tds. i>tiA2m, 1856. 

-. A. lalTae Alg<briqii& Parti, 1831. 

G^ Dimntatio astioDomica de orbita e tribos 

xadni Teetoribna et angnlis comprebensis invenienda, 

4tob XoMiIfMt dotAorufii, 1832. 

OenlCD, L. a, De circalo et adscriptJs Liber. Omnia latins 

fedt et annotationibns illnstniTit W. Snellias. Accedont 

L. a Gealen variorum problematum libri 4, a W. Snellio 

translati et illtistrati, 4to. Lugduni Batavorvm, 1615. 

Cliallis, Rev. James, Astronomical Observations at Ciiiii- 

britige, 1855-'(J0, 4to. Cambridge, 18(i4. 

Cliaiivenet, "W., Manuel of Spherical and Practical Astroiio- 

my. 2 vols. Philadelphia, 186.3. 

Gbiiiriiii, Abli<5 C, Fragment d' A.stronomie Chaldeenne, de- 

convert dans lo Propbtte Ez«^chie!. Leipsic, 1831. 

Obristiania's Observatoriura.MpfeoroIogiscbeBeobachtungen, 

18.37-'41. Christiania, I860. 

. Meteorol. Beob. 3, and 4, Liefer. 

1848-'55, 4to. Christiania, 1864. 

Cburcb, Alb, E,, Elements of tbe Differential and Intejrral 

Calculus. Xew Tori; 1850. 

cinDatf Astron. Soc., Proeeedings in Commemoration of 
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I''nim exjicrinients made by recording observations on two 
cbrono^^raplin at the same time, we find the error due to tbe 
Irn^ifuiarlty of their motion, would never amount to more 
tlitui the llve-thonsandth of a second of time, aa almost 
inapproclablo quantity, and one which may be safely neg- 
h'dtwl. Many interesting exi»eriments have been made with 
Miia mooblDery, to determine the source of error in transit 
ubaetTBtloae. 

We bim xeoorded, at tbe same time, the beats of three 

sirti'TPftl ©tecks ; and by this means arrived at a knowledge of 

.\-k'a motion, wbloh oaDnot be obtained in any other way. 
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The two Comets of this year were both independently dis- 
covered here by Mr. Thomas Simons ; the first on the 3d, 
and the second on the 18th of July. In the discovery of 
the first we were anticipated one day by the European 
Astronomers. The second was found on the same night at 
Cambridge, and three days before by Mr. Swift, an amateur 
astronomer of Marathon, N. Y. 

The opposition of Mars during the present year has been 
decided as favorable for the determination of solar parallax. 
We have accordingly observed it with the Declinometer, on 
all i)ossible occasions, from the 18th of August to the 1st of 
November. 

The following Planets and Comets have been observed on 
the meridian : 

(11) Parthenope. From July 25th to Aug. 19th. K"o. Obs. 9 

(39) Laetitia. « June 28th to July 3d. " 4 

(48) Doris. " July 25th to July 30th. ** 2 

(55) Pandora. " July 25th to July 30th. ** 2 

Comet 1. 1862. " July 3d. " 1 

Comet IL 1862. " July 18th to Aug. 20th. " 18 

Neptune. " Aug. 21st to Dec. 31st. " 38 

The Zone observations, with the Declinometer, have been 
made, mostly for the investigation of the source and amount 
of error due to this method. From a comparison of the 
observations, with those made in the ordinary way, we find 
the probable error on a single observation, falls within the 
limits of accuracy usually assigned to observations made with 
the Meridian Circle. One great advantage lies in the fact 
that many bisections and readings can be made at the same 
transit, and in this way eliminating the ordinary errors of 
observation. You will understand the rapidity with which 
work can be done by this method, when I state that more 
than two hundred stars have been accurately observed in one 



!i and vera tliey equally distriboted. twiee that tinniber 
. easily have been taken. 

is insbnitucDt is one of tbe great ioreotlons of our Iftte 

1 director, Prof. MrrrHEU Fiwn observationa 

ring tbe last two yean, and a carefal discnssion of 

lU ,1 bave arrived at tboconvictioQ that there is no 

wn uiL'(lio<l equal to it fur rapidity and accuracy, 

iLoloptuing of Stars. 

observations have been made dnring tbe year vitb 

Meridian Circle, for the purpose of detemiiniDg 

te places of Hlandanl Nautical Almanac stars. Tbe 

BO obtuitted have demonstr^teil tbe peculiar fitness of 

a InBtmmont for delicate observation. 

Tiruo haii been given to tbe city, by dropping a ball at the 
corner of Htate street and Broadway ; tbe time signal being 
traii8inittcd by passing the electric current throngh our mean 
time clock. In the Meteorological observations, \re have 
read tlio barometer and thermometer twice every twenty-four 
hours. 

AH of tbe above observations, with few exceptions, have 
been made by myself, assisted in the reading of the decliii- 
ometor and microscopes hy Jlr. Thomas Simons, who is 
present in the evening. 

G. W. HOUGH. 
Aliiasy, January, 15th, 18C3. 



KEPOKT FOK 1863. 
To the Board of Trustees of the Dudley Observatory .- 

The following report will exhibit the nature and amount 
of the work done during the year 1863; as also the condi- 
tion of the instruments, buildiugs, grounds, etc., at tbe begin- 
ning of the current year. It includes, moreover, such details 
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of the theory, oonstructioa and operation of the instrumeijits 
in use, as well as of original investigations, and of methods 
peonlisyr to this observatory, as it is thought would be of 
interest to the donors and Mends of the Institution, and not, 
perhaps, without value to the scientific world. 

The buildings have been kept in good condition, by making 
a few necessary repairs as the occasion demanded. The 
apparatus connected with the shutters of the dome has been 
slightly altered, so as to afford greater facility in opening and 
elosiilg them, and also greater security to the instrument 
during severe storms of wind and raiii. A portion of the 
machinery for opening the West Transit room has been dis- 
connected, making it much easier to handle, and less liable 
to get out of order. The grounds have been improved by 
the laying out of additional walks, and the planting of 
i^rubs and trees. 

The library, consisting of about 1,400 volumes and pam- 
phlets, chidiy of a mathematical and scientific nature, has 
be^n enlarged during the year, by purchase and donations, 
to the extent of about 50 volumes and pamphlets. 
. The following Instruments have been in active use during 
the past year : 

Isfc. The Olcott Meridian Circle, made by Pistor & 
Martins, Berlin. 

2d. The Transit Instrument, by the same makers. 

3d. The Equatorial Eefractor, made by Mr. Fitz, of New 
York. 

4th. The Comet Seeker, made by Mr. Clark, of Boston. 

5th. The Declinometer, invented by Prof. Mitchel, and 
made by Messrs. Foster & Twitchbll, of Cincinnati. 

6th. The Charting Machine, made by Mr. Fasoldt, of 
Albany. 

7th. The Sidereal Clock, No. 1, movement by Dekt, pen- 
dulum applied by Bond & Son, of Boston. 
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,8th. Sidereal Glock, No. 2, by Howabd & Company, of 
Boston. 

9th. Chronograph, invented by Professor Mixghel, made 
by Foster & Twitchell, Cincinnatir 

10th. Barometer, by EASTBE,*of Paris. 

We have also a magnetic Mean Time Clock, by Mr. 
Fabmeb, of Boston; Chronometer, by Johkson, of London ; 
Clocks for the Observing Booms, and other minor apparatus 
needed or usefal in an observatory. 

The New Transit Instrument, made by Messrs. Pistob & 
Martins of Berlin, was mounted in the month of January. 

This Instrument is one of the first class, and in its principal 
features is similar to the Olcott Meridian Circle. The focal 
length is 8 feet, and the object glass of 6f inches clear aper- 
ture. It is provided with two circles, which are two feet in 
diameter, and are constructed on the plan best adapted to 
secure permanence of figure. The radii, or spokes, are in the 
form of a triangular prism, which gives the greatest strength 
with the least expenditure of metal. 

As it was originally intended to attach the Declinometer 
apparatus to this instrument, one of the circles is undivided, 
and the other only divided to single degrees. If it should 
ever be deemed advisable to complete the divisions, we would 
have in it an admirable Meridian Circle. 

The method of illumination is similar to that of the Olcott 
Meridian Circle, with the exception that in the' place of one 
screw-head at the eye end, we have two. By means of these, 
the degree of illumination can be graduated with the nicest 
precision. 

The instrumental errors are determined in nearly the same 
manner as for the Meridian Circle. The level and coUiniation 
errors are found by reversed positions of the instrument when 
directed to the nadir. The level and azimuth of both instru- 
ments are determined every morning, the former by the spirit- 
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level, the latter by diiecting the telescope to the meridiaii 
mark, and measuring vrith the micrometer the deviation of 
the middle wire; which, being fteei from the ooUimation 
error, gives us the azimuth. These azimuthal determinations 
are not used directly in reducing observations. They serve, 
bowever, to show the variation of the azimuth from day to 
day, and are a valuable cheek ou the elements of reduction. 
For, if we have found the difference of azimuth between the 
two instruments constant, or nearly so, for a number of con- 
secutive days, we ought to get the same result from the 
observation of a circumpolar star. 

We have examined, to some extent, the form and size of 
the pivots. From numerous observations, made with two 
spirit levels hung on the axis in reversed positions of the 
instrument, the difference in the size of the pivots is found to 
be inappreciable. We have been unable, in the use of the 
spirit level, to detect any ellipticity in the shape of the pivots; 
but when our transit observations, made with both meridian 
instruments at the same instant, are fully reduced and dis- 
cussed, we expect to be able to determine the form of the 
pivotB for both instruments. 

An account of the method employed in mounting the Tran- 
sit is appended, as a matter, perhaps, of professional, if not 
of general interest. 

It was assumed as the basis of our plan, that the Tele- 
scoxKs should, as far as practicable, determine its own posi- 
tion. A great deal of unnecessary labor was thus avoided, 
and great precision was insured in the position of the Ys* 
The telescope, having been lifted out of its box, was placed 
on the reversing apparatus. The object glass was then 
screwed in its cell, and the Telescope moved between the 
two piers, when it was directed to a meridian mark six 
miles distant. The value of the micrometer screw was now 

83 
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approximately determined, by measuriDg the angular dis- 
tance between two distant objects; which had previously 
been done with the micrometer of the Olcott Meridian Circle. 
Knowing the azimuthal angle between the Meridian Circle 
and the Transit, the new Telescope was at once set in the 
true meridian, and vertical lines were drawn on the stone 
piers at the opposite ends of the axis. With an ordinary 
straight-edge level, I found approximately the plane of level 
between the two piers. 

The place for one Y was then marked out on the stone, 
and the telescope being removed, the workmen began cutting 
a cylindrical hole to receive the Y piece. When one pier had 
been perforated, the Y piece and the tube were inserted ; the 
counterpoises were placed temporarily on the piers, and 
the telescope was again brought into position ; the other Y 
being attached to a board temporarily fastened to the pier. 
The reversing apparatus being removed, the level was hung 
on the axis, and the telescope was brought exactly level in 
its own Ys. It was also directed to the meridian mark, and 
brought in the true meridian ; after which it was removed, 
and a fine dot made on the pier, showing the centre of the Y 
piece. A circle being described about this as a centre, we 
had the absolute direction of the axis. It only remained 
now to cut a hole as nearly perfect as possible. This was 
successfully accomplished by Mr. Eowland, of the firm ot 

BEOOKSBY & EOWLAND. 

When the Y pieces were slid into these holes without 
cement (for they were made to fit exactly), the level error 
was found to be zero and the azimuth 8 seconds. This cor- 
responded to an error in the position of the hole of less than 
the two hundredths of an inch. Had the workmen cut the 
cavity for the second Y as originally marked on the stone, 
the telescope would have been absolutely in position. 
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The use of a meridian mark or of another instrument is 
not, however, essential to this method ; for in the absence of 
these, we would determine directly from observation, the 
position of the instrument after one Y had been fitted in its 
cavity. 

Observations made with the Olcott Meridian Circle. 

Number of transits, 15 wires each, 953 

Number of zenith distances, 639 

The transits comprise Nautical Almanac stars, Standard 
Zone stars. Planets and Comets. 

The following is a list of the Asteroids and Planets ob- 
served during the year : 



(1) Ceres- 


From Aug. 26th to Oct. 13. No. 


obs. 16 


(2) Pallas. 


a 


Aug. 24th to Sept. 2d. * 


3 


(5) Astrea. 


i( 


March 19th to April 14th. • 


* . 6 


(8) Flora. 


<( 


Sept. 9th. • 


1 


(9) Metis. 


i( 


June 13th to June 17th. • 


3 


(19) Eunomia. 


i( 


April 27th to May 1st. 


2 


(20) Massalia. 


«< 


Aug. 27th to Sept. 16th. 


8 


(21) Lutetia. 


iC , 


Aug. 27th to Sept. 9th. 


6 


(51) Nemausa. 


(( 


Sept. 15th to Sept. 30th. 


8 


(64) Angelina. 


(C 


Oct. 17th to Oct. 29th. 


3 


(65) Cybele 


(( 


Sept. 7th to Sept. 30th. ' 


8 


(79) Eurynome 


■ 


Sept. 23d to Nov. 19th. 


14 


Neptune. 


(( 


Sept. 7th to Jan. 2d, 1864. * 


29 



For our list of Clock stars, we have used the English 
Nautical Almanac, with the corrections given by the Green- 
wich Observations. After August 27, we used the corrections 
given by Mr. Saffobd's Memoir on Clock stars. 

The number of transits observed with the Transit instni- 
ment, 15 wires each, is 796. These are mostly on the standard 
Nautical Almanac stars. 
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The observations with both Meridian instruments are made 
by the chronographic method, using two sidereal clocks, one 
of which makes a record every two seconds. The other is 
recorded at the end of every half hour during the continuance 
of the observations. By this plan, any change of rate in the 
former during the time of observation is detected by com- 
parison with the latter. 

In Zenith Distance work, direct observation is preferred to 
the method by reflection from a surface of mercury, the latter 
being seldom employed. The nadir point is found by observ- 
ing the reflection of the wires seen in a basin of mercury, 
placed underneath the centre of the telescope. This can be 
done with the collimating eye-piece, or with the ordinary 
observing eye-pieces, by placing over them a cap, having a 
piece of plane glass set at an angle of 45^ to the collimating 
axis of the telescope. 

During the passage of a train of cars around the foot of the 
hill, the surface of the mercury is agitated to such an extent 
as to render observations for nadir impossible. This is annoy- 
ing, in so far as it occasions a brief delay of the observation, 
which can, however, generally be avoided by selecting a time 
free from such disturbance. So far as we have determined, 
no evil effects result from this tremor. The nadir point 
itself, as well as the level and azimuth errors are as constant 
as for any instrument of which we have the published records. 
We propose, however, to support the basin of mercury with 
India rubber springs, in a manner similar to that recently 
adopted by Prof. Airy and Oapt. GiiiLiss, which we believe 
will enable us to observe the nadir point at any time without 
trouble. 

The Equatorial has been used for the observation of planets, 
and occultations of stars by the Moon. 

It has, however, been principally employed, usually under 
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tbe direction of the Janitor, in exhibiting objects of general 
interest to visitors. 

The plan here adopted of admitting visitors under certain 
restrictions, is found to occasion but little practical incon- 
venience. It tends, at least, to the dissemination of much 
useful information, and will doubtless promote a more general 
study of the science, and a better understanding of its funda- 
mental principles. The interest manifested by the public in 
astronomical matters, seems, indeed, to be on the increase 
from year to year. The Observatory has been visited during 
the year by more than one thousand persons, citizens and 
Btrangers. 

The Comet-seeker has been used occasionally by Mr. 
SiMOKS in searching for comets. Owing to our limited force, 
but little time has been given to this kind of work. 

Our zone work has been confined to the cataloguing and 
charting of a zone of stars lying between the Equator and 10' 
of south declination. Forty zones have been observed, com- 
prising 6,000 observations, being an average of 150 stars per 
hour. As many of these zones were observed when the Moon 
was near the meridian, the number of stars seen is not as 
great as it would otherwise have been. Our scale of magni- 
tudes will not differ much from that adopted by Prof. Bond, 
in the Harvard zones of 1852-1853. 

In th^ greater portion of our zone work during the year 
1863, we have used only one wire for right ascension. A 
comparison of duplicate zones observed during the year 
showed that the probable error in right ascension, using one 
wire, was, when reduced to arc, about the same as that found 
from the declinations. Wishing to determine this ordinate 
more accurately, we have latterly used two wires ; setting for 
this purpose the vertical movable wire of the Olcott Meridian 
CSrcIe micrometer at an interval of two seconds from the fixed 
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wire, and thua obtaiahig much better results in ti^^ht 
kIou, with but littlo additiuual work. For the decUmlian, 
vhiin tl)e stars are not very numerous, vre make tvo or mm 
bist^cltons ami readin^ii daring; tbe transit t>f tho nae. 
Standanl stars are usually ciiosca iireceding and foUoni^ 
tbe zone, iuid are observed on l.> wires in right xaoeomtm, 
and witb fruui 10 to 15 bisections uud n-uding« in decliostioa. 
As wc have undcrtiilcen to ioelude all stars fairiy within 
the vajtainty of our iiintrument, tliu limit of error on tliase 
of tbe liigbest ma^uitudes, as might be expected from tinr 
extreme fatutness, number, aud inequality of distribntioD, ii 
materially increased, although by no means to a d^ree im- 
pairing the value of the work, as may be seen &ora tbe 
following results: 

Probable error of 1 obs. 9th mag. to 12tL mag., i V.OG d^fTM 
" I3th " 14th " ±0.13 ±r.50 
The results from the nse of two right ascension wires are 
more satisfuclory, as is shown by the following : 

Probable error of 1 obs. 9th to 12th mag., inclusive, ±0'.04 
. 13th to 14th " iC.U 

The com|)arisoii of the charts with tlie decliDometer results, 
gives, for the probable error in the jjosition of any star ou the 
chart, n little less than the one-tenth of a minute of arc. 
The magnitudes are recorded by tbe use of different colored 
Klieets of iiupr«'Ssiou paper. These eharts, after the zone is 
observed, are marked and filed, for future use or reference; 
any remarks which may have been made, being noted ou 
I he bonier. They arc found to be of great assistance in 
di'tceting necideutid errors of minutes, without tbe necessity 
of nsobserving the zone; for the comparison of the chart 
with the scale readings will at once show whether a wrong 
Diiuutu Uas \tee\\ ewtcred ou the records. 
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When duplicate zones have been observed, the two charts 
are carefully compared, and any discrepancies noted. 

The Sources of Error in Transit Observations. 

This subject is one which presents many difficulties, and 
requires a long series of observations to determine with any 
degree of satisfaction, all the sources of error. The probable 
sources of error will be enumerated; after which will be 
^ven the results obtained, so far as we have been able to 
investigate the subject. 

1st. Personal Equation. By this error is meant the variability of 
this element daring the time of observation, as well as the vari- 
able personal equation for different declinations. 

2d. The Clock error, due to irregular rate during the day of observa- 
tion. 

3d. The Personal error, for inaccurate observation. 

4th. The error due to the chronographic method, including ai*mature 
time, irregularity in the clock records, and irregular motion of 
the Chronograph. 

6th. The errors due to the instrument, including the errors of level, 
azimuth and coUimation. These may be divided into two clas- 
ses: 1st, Inaccurate determination of these quantities; 2d, The 
variations of these quantities during the time of observation. 

6th. Errors due to the atmosphere, chiefly caused by unequal tem- 
perature of the observing room and the outside air. 

7th. Form and size of the pivots, including inequality of pivots as 
well as want of cylindricity. 

During the year, some attention has been given to the 
subject of personal equation, and a number of experiments 
have been made to determine the limit of error from this 
source. 

For this purpose, a series of 25 vertical pins, placed at 
intervals of about 2 seconds of time, was fastened in the rim 
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of the revolviiig disk of the Ohronograph. By the revelation 
of the disk, these pins were made to pass in front of a zero 
point. One of the collimator telescopes was placed at a dis- 
tance of 20 feet from the disk. The power of the telescope 
was such, that the pins seemed to move with the apparent 
velocity of aa equatorial star observed with a power of 800. 
The person observing held a magnetic make-circuit key in his 
hand; and as the pins passed this point, he made a record on 
the chronograph. After this was done, the pins were made 
to record their own time of transit, by causing the circuit 
through the magnet to be closed when they were exactly in 
front of the zero. By making a few records before and after 
the observations, the points of absolute time when the pins 
made the transit were found. By drawing radii through these 
points, a standard was obtained from which to determine the 
absolute personal equation of each observer. 

To determine the armature time of the helix, after the pin 
had recorded its own transit, the disk being in motion, the 
same apparatus was made to give a record, by moving the 
disk gently, and stopping it at the transit of the pin; 

The difference of personal equation between two observers 
is found to be less, when the pins are observed, than when 
stars are observed with a power of 100. It is also found by 
this method, that it varies in a measure, with the magnifying 
power used. 

From this we conclude that personal equation depends, to 
a great extent, on the apparent motion of the star as seen 
through the Transit telescope ; and with the same power, the 
personal equation of an observer will not be the istme fbr an 
Equatorial star, as for one near the Pole ; and will, of course, 
be a variable quantity between the limits of the Pole and the 
Equator. 

It is not assumed, however, that this point can be as yet 



APPENDIX. [63] 

regarded as established beyond question; although, should 
tho principle be proved correct, it may perhaps account for 
some of the anomalies in transit observations. 

We have found from these experiments, that the absolute 
personal equation was not liable to any very large variation ; 
yet in order to eliminate as much as possible this source of 
eiror, we have adopted it as a rule, not to use the observa- 
tion of one person to determine the clock error, for the 
observation of another. 

The clock error may be eliminated by using two or more 
clocks, in the manner before stated. 

The personal error is constant, or nearly so, and for an 
equatorial star, amounts to 0*.025 for a single wire. 

The errors due to the chronographic method may be 
regarded as of a very low order, and will not affect the 
observation to any sensible amount. 

It has been intimated by a recent writer on the subject, 
that the armature time for the make-circuit is liable to great 
variations ; but this does not accord with our experience. It 
is found from experiment with our recording i)ens, that the 
difference between the armature time of the same pen, 
-whether the circuit is a "make" or a "break," is only O'.Ol 
in favor of the break-circuit. 

The mean value of the armature time for one pen is 
+ COS ; and this value is not liable to an appreciable vari- 
ation during a night's work, so that the error from this cause 
may be regarded as insensible. 

The errors due to the instrument: The coUimation error 
may be accurately determined, and, for a first-class instru- 
ment, is constant for long periods of time. It will not, 
therefore, introdace any appreciable errors in the observa- 
tions. 

84 
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The level error canuot be accurately determined by the 
spirit level; and even if fbund by different methods, it is 
not permanent for any considerable period, neither does it 
change proportionally to the time. We believe the changes 
are sudden, or accidental. For onr meridian instruments, 
the change from day to day is small, the variation for two or 
three consecutive months sometimes not amounting to more 
than 1" of arc. Although the same level is found (within 
the limits of error of determination) for three or four con- 
secutive days, yet on the next day it may have changed 1'', 
which cannot be due to inaccurate determination ; and, again, 
on the subsequent day and a number following it, it will 
return to its original value. 

The error of azimuth is liable to error in its determination, 
and is not constant, the change being analogous to that of 
level. Through the kindness of Mr. Edmund Blunt of 
Brooklyn, we have a permanent meridian mark, distant a lit- 
tle more than six miles. This affords an admirable check in 
azimuth determinations. 

The errors due to the atmosphere are considerable, and 
cannot be wholly avoided. Much, however, will be gained by 
reducing the temperature of the observing room to the same 
degree as that of the outside air. The nearer this condition 
is fulfilled, the better will be the observations. In the sum- 
mer season, in a room properly constructed, this condition can 
generally be secured. 

In the determination of personal equation, it was stated 
that a number of artificial stars were made to record their own 
transits, and were also recorded by the observer. In this case 
there was no atmospheric disturbance to affect the stars, and 
whatever error there might be was due to inaccurate observa- 
tion. The mean error for a single wire was found to be 
0'.025 ; for 5 wires, V.OU; for So wires, 0«.005. 
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From a comparison of the mean of 5 wires with the mean 
of 15 wires, on 600 observations made in 1862, taking them 
in order from the transit records, it was found, for an equa- 
torial star, that this difference amounted to O'.OSd. For the 
same stars, the difterence between the middle thread and the 
mean of the fifteen reduced to the middle, amounted to O'.OT. 
By comparing these results with those obtained from observa- 
tions of artificial stars, we conclude that the great source of 
error in recording transits is due to atmospheric disturbances ; 
the error for artificial stars being only about one-third as 
great as for observations made in the ordinary way. 

The accuracy with which a transit is recorded will in a great 
measure depend on the number of wires used. Our observa- 
tions on artificial stars show, that the personal error is very 
small, and under favorable atmospheric conditions, five wires 
would be amply suflScient for any class of observations. But 
as there are but few excellent observing nights in a year, in 
order to secure the same degree of accuracy on ordinary occa- 
sions it is necessary to increase the number of wires. 

We may here remark that there is a difference of opinion 
among astronomers in regard to the number of wires to be 
used ; the number employed varying from five to twenty-five. 

A recent writer on this subject has shown by computation 
that the final right ascension deduced from the transit over 5 
wires is nearly equal to one over 25 wires, or any greater 
number. In case the conditions of observation were always 
the same, this result might be regarded as settling the ques- 
tion. But obviously so many varying circumstances must be 
taken into account, that it becomes a difficult matter to decide 
in how far the application of theory may be correct. 

In deciding on the number of wires to be used, we ought 
to be guided, first, by the quality of the instrument used } 
second, the kind of work which is to be done. In case f 
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inferior instrument is used, in which the uncertain instrumen- 
tal errors may at any time amount to O'.IO, it would be a useless 
waste of time and labor to observe on more than two or three 
wires. But with a first class instrument, where the uncertain 
instrumental errors will always be small, and for special kinds 
of work may be regarded as wholly eliminated, it is desirable 
to reduce the observation errors to the smallest possible limit. 

For instance, in a series of observations on an asteroid or 
planet, where the object is at once compared with stars pre* 
ceding and following, lying on nearly the same parallel of 
declination, the uncertain instrumental errors may be regarded 
as insensible on the result. In this case, much better places 
can be deduced by using a large number of wires. In aster- 
oid observations with a meridian instrument, the object is 
usually faint and difficult to observe ; and in order to secure 
the same degree of accuracy as for an ordinarily bright star, 
it is necessary to increase the number of wires. 

The errors due to form of pivots will depend on the quality 
of the instrument used. In a flrst-<}lass instrument, the errors 
arising from this cause will be small, and not easy of detection 
by direct observation, unless all other sources of error have 
been well determined. 

By using two meridian instruments at the same time, this 
error may perhaps be determined with some degree of accu^ 
racy. It is by this means also that the total effect of all 
errors, which are not eliminated by the method of observation, 
•may be found. 

Suppose, for example, we have two meridian instruments 
of equal value, and make a series of simultaneous observa- 
tions on the same stars separated by 5° or 10° of zenith 
distance. By the comparison of these observations, the errors 
due to the chronograph and clock are eliminated, as also those 
due to the atmosphere. 
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The error of collimation we regard as eliminated. There 
remains then for disoussion the error of level and azimuth, 
form of the pivots and personal equation ; or if we regard 
the last as constant, only the level and azimuth, and ine- 
quality of pivots. From a comparison of stars near the 
horizon, it may be determined how much of this error is due 
to azimuth ; and by stars near the zenith, how much is due to 
level ; assuming, in the first place, the error of pivots : zero. 
By correcting for these errors, and comparing the whole 
series, we may arrive at some conclusion with regard to the 
form of t^e pivots ; and by using the instruments in a reversed 
position, on a subsequent night we may decide how nearly 
our results are correct. 

The Compensation of a Pendulum by the use of the Chronograph. 

Nothing is perhaps more desirable to the practical astrono- 
mer than a clock, which can be relied upon to keep its rate 
within certain limits; for with an imperfect and irreliable 
clock, the best transit instrument is rendered almost useless 
for fine observation. 

It is a difficult matter to find a clock that is correctly 
compensated for the ordinary range of summer and winter 
temperature in this climate. The method generally used by 
makers, for the compensation of a pendulum, can only insure 
approximate results ; and it is not unusual to find a daily 
variation of two seconds between the summer and winter rate. 
The question then arose whether any expeditious plan could 
be used, which would with certainty indicate whether the 
pendulum of a clock was correct for the ordinary range of 
temperature. This has been successfully accomplished by the 
use of the chronograph. 

The following is the general plan adopted: The pendu- 
lum to be compensated, together with the movement, was 
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pQt iu a closet temporarilir built for this purpose. 'Wbeo 
set iu motioD, it^ rate, compared with that of aootlMt ' 
cluck, was (letemiioed by i-^ordiug tbe' oscillations of botb I 
oo the cbrouo^n^ph for an hour or more. The temperatnre 
vras Iheu uotc«I, au<l heat ai>[>lie(i so as to raise the temper- | 
aturc iu the closet about 50°. Duriu^ the process of hestiog, 
the oftciilatiouK of both peodulums wei'e recorded ou the 
cJirouograph. The heat buio^ raised to the proper degree, 
was kept at this point for two or three hours. Tbermoineters 
placed ucar the top, bottom aud middle of the jieadalDui, 
ivero read every live minutes. With a mercury peuduUiai, it 
was found that during the process of heating', the esperi- 
mt'Dlal cl(HTk loNt on its rate, no matter what the want of 
coiiipensutiou might have been, owing to the fact that theiod 
was affticted sooner tiiau the mass of mercury comprising tia 
"bob." 

On compariu": the rates, given in the two temperatures, 
the want of cnmi>en8ittion was at once detected. To guard 
against ciTor from any accidental disturbances, the opera- 
tion was repeated; aud if the results agreed, tbe ejcperiaient 
was considered satisfactory. 

After adding or snbtracting any conveuieut amount of 
mercury, e, i/., 8 ounces, as tbe results might indicate, tbii 
same i)rocess was repeated ; and having determined ILl' 
effect of this amoiiut o£ mercury iu tbe compensation, il 
was easy to calculate approximately the amount of mercnry 
to be applied to the pendulum in its original state. By 
continuing this process, the compensation of tbe pendulum 
was determined for the range employed. After this lias 
been decided as satisfactory, we may test the compensation 
for any intermediate temperature, and determine tbe tem- 
perature constant. 

The time required for making an experiment is abont S 
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hours for tbe first ; and a small increase in the time as the 
compensation is more nearly perfected. Three or four 
repetitions will give an excellent pendulum. 

For some of our experiments, we have used the natural 
temperature of the air. Placing the clock in a small room, 
heated by the furnace, the temperature of the room is raised 
for the middle of the pendulum to 60°. Finding now the 
relative rate of the clocks, the furnace is shut off and 
the room opened, reducing the temperature to 10^ ; when the 
experiment is conducted as before. This method is suscep- 
tible of much more accurate results; since a more uniform 
temperature is maintained, and the pendulum is not liable 
to disturbance from currents of air, as may be the case in 
applying artificial heat. By the use of the chronograph 
in this method, we are able to appreciate much smaller 
intervals of time, and can, by repeating our experiments a 
sufficient number of times, produce an almost perfect pen- 
dulum. Besides, the ordinary range of summer and winter 
temperature is sufficient for securing the compensation ; for, 
with this apparatus, hundredths of seconds are certain quan- 
tities. During the process of the experiments, we record the 
difference of rates from second to second and minute to 

ft 

luiuute. If they extend over any length of time, two or 
luore standard clocks may be used for comparison. This 
has been done in our experiments, the second clock being 
recorded every 30 minutes. 

During a portion of the night of August 10th, a series of 
observations was made, in concert with observers at other 
stations, to determine the position, direction, and time of 
flight of all meteors in the portion of the heavens under 
examination. Before commencing our observations, a wire 
and observing key were carried outside, so that the time of 
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Wi-rt cfciKrT jii ii jtH of ilii* kij J lEjUe ji riro or more sla- 
tiofM at vhi^h tbe same meteor woold be viable, one night's 
w>rk vfjnM erive aa acearate determination of tbe diflmsce 
of I'lrt^iln'tK lietweeD tbe staiiood. 

iJiiridK tlj'; year a Time Ball bas been dropped every day 
at tKniJi, at tilt; tromer of State street and Broadway; tbe time 
MtiiiiiU bf-iriK transmitted by passing tbe electric coirent 
lliriiiii;)! our rnonn time clock, especially arranged far this 
I>iit|i»>4>-. Tilt; \. Y. Central B. B. has also been sapplied 
"illi till! ruirrwt tiino, through >Ir. Ben'j. Marsh, wbo lias 
<liiMU.-or th.^ timoball. 

ihw i'U'(!('iivci woi'ltiiig force has always been small, and 

' Ii'i|iiiit(« to the* iiistriiinetita. During tbe year, ilr. Thoslis 

'^niiiNfi liiiH (iHNiitd'd in the evening; bis work being mostly 
'"iilliit'il to roHding tho declinometer for zone observatioos. 
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He has also occasionally made observatious with the meridiaD 
instruments, when not engaged in searching for comets. 

The two young assistants, Messrs. McClure and Foreman, 
have assisted in the meridian observations, and have been 
employed in measuring up the chronographic records, and in 
the reduction of observations. 

The duties of the Janitor consist in keeping the Meteor- 
ological Eecords, waiting on visitors, and keeping the build- 
ings and grounds in order. 

G. W. HOUGH. 

Albany, February Ist, 1864. 



EEPOET FOE 1864. 

To the Board of Trustees of the Dudley Observatory : 

The following brief report will exhibit the nature and 
amount of work done during the year 1864 : 

IN'umber of Transits observed with the Olcott Meridian 
Circle, 785 

IN'umber of Transits observed with the Transit Instru- 
ment, 325 

IN'amber of Zenith Distances, 750 

DN'umber of Zone Observations made with the Declinom- 
eter and Charting Machine, 2,000 

Total, 3,860 

In the transit observations made with both meridian 
instramenta, fifteen wires have been used, and the times 
zeooided by the chronographic method. 

The pant year has been nnusnally unfavorable for observa- 
tSons. During the spring and winter months we have had a 

35 
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great deal of cloudy weather, and during a portion of the 
summer the atmosphere was so charged with smoke and fog, 
as to prevent ohservatious on any other objects except the 
brighter class of stars. This peculiar state of the weather 
was not confined to one locality, but seems to have been gen- 
oral throughout the United States, 

At the begiDuiug of the year, by request of Oapt. Gilliss, 
Superintendent of the United States Naval Observatory, we 
selected six of the minor planets for observation at tliis 
Observatory. It has frequently been proposed by astronom- 
ers to make a division of labor for the observations of these 
small bodies; and Tapt. Gillib.>», in behalf of the UuJte<l 
States, has undertaken the observation of a portion of them, 
Of the six which we agreed to observe, one could not be 
fouu<I, although the region in which it was supposed to 
be was chartetl over a number of times. It was situated in a 
portion of the heavens very imfa^orable for detection, since 
we found so many small stars, even in a zone of ten minutes 
in width, that it was almost impossihie to chart them all. 
The i)robabililieB aie that the Ephenieris was largely in 
eiTor. 

The foUowin^j; were observed with the Olcott Meridian 
Circle ; 

Astrea. — Seven ubscivatious, from June 29(h to Jul)" 
301 h. 

Victoria. — Fifteen observations, from June 29th to Sep- 
tembiT inth. 

Knniuuia — Tsvelve observations, Crom June 39tii to Sep^ 
tcmhvv lUili. 

ps\,.|i,.._Teii observations, from "JratjrlSai to Septenrtir 
Isl. 

Ariailiic, — Six observations, fro('> ' ',■!.> 
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The Ephemeris for Ariadne was in error over 3* in Declina* 
tloD, and it was found on the meridian, by charting two short 
zones on the evenings of September 19th and 20th. 

In my previous reports I have spoken in detail of our 
method of chaEting stars. The more we have used it, the 
more we are convinced of its great valae for certain kinds of 
work. Indeed, so far as we know, no other method has been 
devised that will give ns a chart of stars with the same degree 
of rapidity and accuracy. 

The Scheutz Calculating Engine has been used for com- 
puting approximate Ephemerides of the small planets, and 
for this kind of work has been found of considerable value. 

We have added a new and simple apparatus to our mean 
time clock for the purpose of giving time signals. It has 
been found to Miswer the purpose l>etter than any method we 
have before tried. The time signals are given every minute 
throughout the day to IVIr. Marsh, corner of State street and 
Broadway, who has charge of the time ball, which is dropped 
every day at noon. The New York Central Eailroad has also, 
through him, been supplied with the correct Observatory time. 

Duriug the year we have made a slight, though, we believe, 
an important change in the Declinometer apparatus. We 
have before stated that the chief source of difficulty with 
this mechanism lay in the change of the length of the con- 
necting rod, from the effect of temperature. We have, 
therefore, abandoued its use entirely. By this change we 
get rid of one Joint altogether, and another is improved by 
the change. Tn the place of the glass connecting rod, we 
have attached a solid arm of wood, so that it becomes part 
of the long arm it?;''M'. T^> the end of this is fastened a ateel 
knife edge, ii'^ii lindrlcal groove, placed at the 

extremity f**" ' 'w refiding telescope, which 

[in tii'^ so counterpoised that it 
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preftHes against the knife-edge witli a force of aboat Ua 
ounctrR. it i» Ibnud that with tUis arraugement, we get less 
cbange of position from temperature, and much frreater sta- 
bility iit tiie npparaluii. lu fact, so stable is the meclianism 
in tliiit form, tbat on removing tbe reading telescope and 
again replacing it, tlie scale of reading is not changed an 
apprueiablti amount, a result which before it was almost 
iinpossiblo to attain. 

But fvAV oljser\ation9 have been made in the cataloguing 
of zone stars, owing chiefly to the unfavorable condition of 
the woatlier. Wo have recently adopted tbe plan of observ- 
ing zone stars on live wires in right ascension. A method 
for regalatiug the amount of illumination for zone work and 
Asteroid observations lias been perfected during tbe year, so 
that it is in the power of the observer to instantly shut off 
all tho light or any portion of it. Tbat we may be nnde^ 
sto(Hl, it would ho well to state that tbe Olcott Meridiau 
Oirdo is iirninged wJIb a scivw at the eye end for regulatiag 
the lunouiit of the illuuiiuiirion. In tbe use of this in zone 
work, too mnch time is lost, besides both bands of the 
observer are constantly employed in tbe manipulation of 
the other moohanism, so that it is impossible to change the 
illumiiuition iiipidly euongh. lint with the additional appa- 
ratus, the oliserver instantly secures the proper amount of 
ilhuninatiou, without interfering with bis other duties. 

The planet Xeptune has l>eeu observed on all possible 
occasions. On the ;Wth of Xovember, a drawing was made 
of tbe planot Mars, which iU that time presentetl a peculiar 
appotUAUoe. Tbt' di'Iuuiinn was sharp and well defined, and 
tb» surfiktv i>l" tlw pUinot had the ap[>earanee of a hirge 
«,intin*-ut Muuewluit vwcmliliuj: Atik-a. 

Thv IK>UK' fw ttio t;*iiiati>riiil bus l>eeQ repaireil. so tbat 
tt m."'-' ^*ilh mucb ^rvsitec frwtlom tban tbroierlv. Tbe 
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buildings and instruments have been and are in good order. 
During the year, Mr. Thomas Simons has assisted in the 
evening; and the two young assistants, McOlxjrb and 
Foreman, have been engaged in computations, and have 
also assisted in the observations. The janitor has attended 
to the ground and buildings, and has also kept the meteor- 
ological records, and waited upon visitors in the evening. 

G. W. HOUGH. 
Albany January 3rf, 1865. 



EBPORT FOR 1865. 

To the Board of Trustees of the I>udley Observatory: 

The following brief report will show the nature of the work 
done during the past twelve months, as well as the condition 
of the buildings, instruments, etc., at the beginning of the 
current year. 

The grounds and buildings remain nearly the same as at 
the last report. Some necessary repairs have been put on the 
dwelling-house and observatory as the occasion demanded, 
and we believe they are now both in good condition The 
Equatorial dome, since the changes and repairs of last year, 
has worked much easier and in every way more satisfactorily. 
The foundation does not appear to have been disturbed by the 
constant use of the instrument during the past six years, and 
the balls and frame work are but little worn. 

The driving clock for the Equatorial was repaired and 
slightly changed in some of its parts, and is now found to 
give better results than formerly, still as it is defective in the 
principle of construction, it does not give entire satisfaction. 
As soon as our time will permit, we propose adding an at- 
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tachment which it is believed will regulate the motion more 
accurately. The parallel wire micrometer has also been 
repaired and new systems of wires inserted suitable for 
observations by the magnetic method. 

The Equatorial has been employed occasionally for extra 
meridian observations on planets and nebulae ; and when not 
needed for scientific research, it has been used, usually under 
the direction of the Janitor, in exhibiting objects of interest 
to visitors. The annular solar eclipse of the 19th of October 
was observed, but owing to the cloudy state of the weather, 
the results were not of much value. 

The Olcott Meridian Circle has been in constant use in the 
observation of standard stars, zone stars and the small 
planets. It is our purpose, as soon as possible, to complete 
our zone work extending from (f to 20' south declination and 
from 0* to 24'* A. E., and prepare it for publication. We have 
now on hand more than 10,000 zone observations which are 
partially reduced, but owing to other jjressing duties of the 
past year and our small working force, we have not been able 
to make much advance in their complete reduction. Our 
method of observing zone stars, the details of which I have 
given in former reports, is peculiar to this observatory, and is 
believed to be as expeditious as any method in use. 

The planet Neptune has been observed as on former years 
on all possible occasions, from September 29th to December 
16th. Meridian observations have also been made on six of 
the minor planets. 

In the month of March I concluded to test by actual 
experiment an idea long entertained, of causing an;^ moving 
body or medium, to record and print its changes /automati- 
cally, by means of electrical agency. The barometer was the 
instrument chosen for this experiment. The projblem to be 
solved was this : to cause a machine to follow thch motion of 
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the. mercurial column, with force sufficient to make a legible 
and printed record, without deriving this power or force from 
the column itself. This method of electrical contact is entirely 
new, and so far as we can learn, nothing of the kind has ever 
before been attempted. About the 1st of April, three weeks 
from the perfecting of the idea, a mechanism hastily con- 
structed from a couple of clock movements which we happened 
to have at hand, proved beyond a doubt that the method 
could be made eminently practical in the recording of Mete- 
orological phenomena generally. After being tested for a 
few days, the instrument was taken down and the printing 
portion added, since which time it ha^ been in constant use, 
in recording the barometric pressure and printing the hight 
hourly to thousandths of inches. 

The discussion of three months of observations by this 
method gave the tropical hours of diurnal maxima and 
minima in a very satisfactory manner, showing conclusively 
the peculiar fitness of this method for delicate observation. 
These results, together with other matters on the same topic, 
have been published in the January number of " The Ameri- 
can Journal of Science." 

During a portion of the months of September and October, 
at the solicitation of scientific friends, we placed the appa- 
ratus at the fair of the American Institute, held in New 
York City. It is needless to say that the method commanded 
the attention of meteorologists and scientists generally. On 
its return from New York, it was again mounted in the 
observatory, where it has continued to record and print 
the barometric changes without the failure of a single hour, 
with the exception of one day in November, and one in 
December, when its action was interrupted to make some 
experiments with diffferent forms of mechanism. 

It would require too much time and space to speak in 
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detail of the results already attained by the use of this 
method; they will, however, be given to the public, as fast 
as they are confirmed. It is our intention to test thoroughly 
the value of the barometer as a weather indicator. Althougbi 
this instrument has been in use more than 200 years, yet 
but few laws of atmospheric phenomena, as applied to the 
weather, have been established. We believe this is not so 
much the fault of. the instrument as the manner of using it. 
The experience of only a few months has led us to surmise, 
that the fluctuations of the barometrical column have an. 
important bearing when taken in connection with the hight 
and general motion. We have accordingly, recently attached 
an additional apparatus for counting and recording all the 
pulsations of the atmosphere, which are of an amount suffi- 
cient to cause a change of one-thousandth of an inch in the 
pressure. It is a noticeable fact with us, that previous to, 
and during great storms of wind, the barometer oscillates 
almost continually, and we are led to believe that the mag- 
nitude and violence of the storm, will, in a great measure, 
depend on the number of oscillations, as compared with the 
rise or fall of the column. It would, however, be premature 
to attempt to prove this theory from the few storms which 
we have observed. 

We purpose, as soon as convenient, to apply this method 
to the registration of the velocity and direction of the wind, 
the record of temperature and the fall of rain. 

Donations to the library of books and pamphlets have 
been received from the following institutions and individuals. 

Boyal Observatory, Upsala, Dr. Gustav Svanbbbg and 
Dr. H. SoHULTZ. 

Professors E. Plantamoub and A. Hirsch, Gteneva and 
N^eufchatel. 

Boyal Observatory, Greenwich, Prof. G. B. Airy. 
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. Dr. 0. Bremtker, Berlin. 

Prof. Joseph Winlock, Supt. Amer. Naut. Almanac. 
■ Boyal Observatory, Edinburgh, Prof. Charles Piazzi 
Smyth. 

Observatory, Breslau, Dr. J. G. Galle. 

Observatory, Utrecht, Prof's M. Hoegk and A. 0. Oude- 

Prof. E. L. Seezen, Biga. 

Admiral W. H. Smyth, London. 

Cambridge Observatory, Eng., Eev. James Challis. 

Observatory, Copenhagen, Prof. H. C. F. C. Schjellerup. 

Eoyal University, Norway, H. Mohn, G. O. Sars. 

M. Pierre Beron, Paris. 

Eoyal Observatory at Pulkova, Prof's O. Struvb, A. 

WiNKECKE, W. DOLLEN, CARL LINSSER, H. GyLDEIJ, A. 

Wagner. 

Badcliffe Observatory, Rev. Robert Main. 

Hon. Ira Harris, Washington. 

U. S. Naval Observatory, Rear-Admiral C. H. Davis. 

Harvard College Observatory, Prof. T. H. Safford. 

Dr. F. B. Hough, Albany. 

Nicholas-Head Observatory. 

Prof. F. M. Karlinski, Observatory of Cracow. 

Bureau of Navigation, Washington. 

During the year, over one thousand persons, citizens and 
strangers, have visited the observatory. About the 1st of 
July last, Mr. Thomas Simons, who has given us a portion 
of his time during the past four years, removed from this 
city. He is deserving of our thanks for the zeal and inter- 
est manifested in the cause of astronomical science. Mr. 
Thos. E. McClure still continues as the regular assistant. 
Our effective working force has always been too small to 
accomplish all that we desire, and we have accordingly been 
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OBSEEVATIONS OP THE PLANET MAES, MADE AT 
THE DUDLEY OBSEEVATOEY, 1862. 

The Mars Observations were made with the Olcott Meridian 
Circle, using the declinometer for the observations on the 
planet itself. During the passage of Mars we placed the 
micrometer thread alternately tangent to the upper and lower 
limbs of the planet, reading from our declinometer scale the 
seconds and fractions ; the limit of error for a single reading 
being about two-tenths of a second. We always made at least 
three bisections of each limb, and sometimes six, the average 
being about four. Immediately before and after the transit 
of the planet, the declinometer scale was compared with the 
circle; the difference between the two comparisons being 
usually within the limits of reading, and rarely amounting to 
0".5. In every case we have used the mean of all, corrected 
for the runs of the scale, which have been assumed constant 
throughout the whole series. The comparisons were generally 
made at a point on the scale corresponding to the reading of 
Mars* centre, thereby eliminating the error of runs entirely. 

At the time of these observations the declinometer reading 
telescope was not mounted as firmly as it should have been, 
and to this cause we attribute the greatest source of error. 
It was mounted on a stand connected with the east pier of 
the Olcott Meridian Circle by means of f inch iron rods 
about 10 inches in length. It was found on pressing with 
some force {e. gr., 10 lbs.) on this frame, that the position of 
the reading telescope could be changed on the scale 2" or 3", 
and any greater or less amount of i)ressure would change 
the position in a proportionate ratio. 
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It may be proper to remark, that after applying the pressnre 
to the reading telescope support and causing it to change tbe 
scale reading, on removing the pressure it would take npits 
original position, tbe limit from many trials being 0".5. In 
caso, however, the support was not disturbed during the time 
of observation, this source of eiTor would not be appreciable. 
We were always particular that this should be the case, still 
it may at times have been aceiden tally distnrbe<l, but we find 
no record of this kind in the Mars series. 

This trouble has siuco been removed by bolting a solid oak 
block against tbe surface of tlie pier, so that any force a per- 
son may apply to it will not ehauge the position of the read- 
ing telescope one-tenUi of a second of are. 

On August 25th and 2Gth, I tried the experiment of observ- 
ing Mars on two wires, aft.er tbe plan proposed by Dr. Wra- 
NECKB ; but the inclination between the wires was so great 
that we at once abandoned this plat), not wishing to distuib 
the diaphragm of wires by inserting a new one at that time. 
In onler to retain uniformity in the series we have not used 
tbe ohservatious of Mars on those days. The observations of 
tbe stars made on tbe fixed wire have, however, been included 
in tlie determination of mean place, as also those made on 
other days, when the planet was not observed. 

On Oct. 15, tlie i-eading telescope having been accidentally 
injured, tbe observation of ilars was made, using one micro- 
scope. Tfiis observation has also been omitted. 

All the remaining observations, with tbe exceptiOD of 
Oct. 7, have lioen nnule in the manner before stated. Off 
Ihat il;iy four niicrosoopes were read for each limb of the 
phiin'l, iiiid t!u' observation has been included in the 
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Explanation of the printed columns. 

Column 1 contains tbe date. 

Column 2 contains tbe name of the object and tbe declin- 
ometer scale reading for Mars. Tbe numbers in parenthesis 
opposite " scale '* specify tbe number of readings. 

Column 3 contains tbe mean of tbe circle microscope read- 
ings for tbe centre of tbe object observed, corrected for runs 
and flexure. 

Column 4 contains tbe refractions obtained a^ explained 
hereafter. 

Column 5 contains tbe computed nadirs obtained by com- 
paring tbe apparent declination of tbe star on tbe given date 
witb tbe final declination found for tbe wbole series. Tbe 
daily adopted nadir used for tbe reduction of tbe observation 
of stars is given at tbe bottom of tbe page, and is assumed to 
have been constant for that day. During tbe year 1862, and 
prior to tbat time, we generally observed tbe nadir point in 
tbe morning, and adopted tbe Greenwich plan of combining 
our separate results, using tbe same nadir for a week, more 
or less, as tbe observations for nadir might indicate. This 
plan I have since been led to abandon. On examining the 
Mars series, it was found tbat on many days no nadir had 
been observed. This fact, together with the instability in our 
declinometer apparatus, of which I have before spoken, led 
me to think that the observations were not worth reducing for 
purposes of parallax. But my nadir investigations during tbe 
past year suggested tbe idea tbat these observations would 
throw some light on the stability or instability of the nadir 
point, independent of direct nadir observations. Our method 
of reduction was, first, to determine the mean declinations of 
all the stars with the nadir included ; secondly, to apply the 
nadir for those days on which it was observed, and find the 
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mean ileclitialiotix. The mean nf these results gave as an 
apprnxiiiiale (ttniidard from which to dutenuine the nadirs on 
all other ilayit. Ity this mode of riHliictioD — nnd under tbe 
circninsMnccs I know of no better — tbe absolute decUnations 
dciiond only on Ihe observed nadirs. 

Ill eaAO the mean declinations of the stars should not be 
coiTiTct, tho ctTeet on Mars declination would be consUint 
dtirlug the period when the same group of stars was 
obsurvod. AVhen this group was changed, there woald be a 
Biiddcu change In the planet's deoliuotion. 

Our Marx observations may be divided info two gronps; 
flrst, frijiu AngHst 18 to September 24; second, from Sep- 
trmlK'r 25 to November 1. 

Till! cliwe ujrroemenl Ijctween onr mean declinations of 
oompariiinn stars and those naed by "Wixsecke, " Beobach- 
tuH^rn dex Mars." would seem to indicate that tliey are very 
near the truth. 

Although these observations show no very large or sudden 
chiuiges iu the nndir jioint, yet they clearly indicate that a 
niitlir dt'termiueii on one day will not answer for any other. 
AVe also conclude that the nadir point is liable to change 
during the time of observation. 

The cpiantity in the parenthesis opposite Mars is a mean 
of jdl the nunilH'rs for the date. That in brackets [3.'54], 
SeptcmlKT 4. is marked to show that the observation of 
i Piscimn was apparently bad. It was. however, used iu 
Andinjf tiie nadir for Mars. All the numbers in this column 
art" (o 1h* iiK'i\'«>e«l om- mimiie vf arc- 

l\tlitiMn 6 contains tht* n>biot:on to mean i>lace taken from 
WiniH<te^ ' StMi«rit«»9fft Wr,v -¥«r«,' corrected for (time 

I ^vwtu 7 ctiotaias tbe i«<coads of mean declinatiou foi 
4iVaii$on atM« tat l^B±A 



APPENDIX. [85] 

Column 8 coDtains the apparent declination of the centre 
of Mars and the measured diameter a. The diameter is cor- 
rected for thickness of the wire, but not for irradiation. 

The adopted nadirs, barometer and thermometer readings, 
with the respective hours of observation, will be found on a 
separate page. 

Computations of refractions for September 4. 

18h. 55m. Sid. T. Oh. 55m. Sid. T. 

Bar. 30.040, = 0.03346 Bar. 30.075, = 0.03396 

Ex. Ther. 68^.0,.. =0.02553 Ex. Ther. 59^.7, . . =0.03271 

Log. Oorr., . . = 0.05899 Log. Oorr., . . = 0.06667 

Variation of Log. for Ih., == + 0.00128 

Log. for Oh. Sid. T., = 0.06549 

Refraction of ^ Piscium. 

Log. for Oh. Sid. T., = 0.06549 

A. E. cor. 41 m., = +0.00087 

Log.0h.41m., = 0.06636 

Z. D. = + 35° 49Mog., = 1.54962 

Refraction = 4r.30, = 1.61598 

The refractions have been computed by the Greenwich 
tables, which are found in the Appendix of the Observations 
for 1836, as also expanded for great zenith distances in the 
volume of Observations for 1853. No attached thermometer 
reading is used with the barometer in these observations, 
since for all zenith distances less than 45^, the neglecting of 
it will never amount to 0".01. 

The barometer and thermometer are supposed to vary- 
uniformly for the interval of time between the two readings; 
and the refractions are computed in proportion to the time. 
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Computation of o Piscium. 

Mean Circle Beadings, corrected, = + 35° 49' 49". 76 

Nadir, = — 1 6.30 



+ 35 48 43.46 
Eefraction, + 41.30 



+ 35 49 24 .76 
Latitude, +42 39 49.55 



App.Dec, + 6 50 24.79 

Eeduction, — 26.71 



Mean Declination, 1862.0, =+ 6 49 58.08 

On the sheet of final mean declinations of comparison stars, 
the declination of ^ Piscium is found to be + 6° 49' 58".52, 
the difference being 0".44. This applied to the nadir used 
gives from the observation of this star the corrected nadir : 

1' 6".74 

20 0eti gives, 7.15 

26 0eti 

80 Piscium ' 

7 Piscium * 
3298 L.L. ' 

I Piscium * 



7.42 


[3 .54] 


6.91 


6.84 


6.50 



(1 6 .30) 

The true nadir given by all the comparison stars, assuming 
the final declinations to be the standard. This is the 
quantity to be used for the reduction of Mars, assuming all 
the observations to have equal weight. 
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J- 



MEAN DEOLDTATION OP STARS 

COMPABED WITH HABS (1862, 0.) 



DATE. 


aeiii.L. 


44 Pise. 


670 L.L. 


15 Cetl. 


60 Pise. 


iPlsc. 


1862. 

Aug. 18 

19 

20 

21 

24 

25 

26 

29 

Sept. 2 

3 

4 

5 

7 

8 

9 

10 

21 

22 

23 

24 

25 

26 

27 

Oct. 7 

8 

14 

15 

23 

27 

28 

29 

30 

Nov. 1 


+0° 55' 


+1010" 


+405' 


-1° 15' 


+5059' 


+6° 49' 


n 


// 


n 




// 


59.54 
58.45 
58.63 
58.23 
59.67 
58.22 








































































58.14 
58.31 
58.47 
58.08 
58.21 
57.73 




































• • • 




































58.27 
59.83 
59.92 
58.09 
57.72 
57.97 

« « • 

* • « 

* • • 

* • • 


















































. «. . 


£5.81 
16.48 

i6.*04 


28.' 88 
27.95 
29.60 
29.70 
29.36 
29.54 
29.18 
29.74 


45.02 
45.00 
46.06 
45.15 
45.18 
46.05 
45.70 
44.37 
44.12 
45.59 
44.41 
44.48 
45.21 


48.' 32 
48.66 
46.23 
47.85 
48.59 
48.57 
48.24 


11.86 
11.62 
11. €1 




























• • a 










Mean, ... 


15.78 


29.24 


45.10 


48.06 


11.69 


58.52 



37 



[88] 



APPENDIX. 



MEAN DECLINATION OF STAES 

COHFABED WITH MASS (1862, 0.) 



DATE. 



1862. 
Aug. 



Sept. 



Oct. 



Nov. 
Mean, 



18 

19 

20 

21 

24 

26 

26 

29 

2 

3 

4 

5 

7 

8 

9 

10 

21 

22 

23 

24 

25 

26 

27 

7 

8 

14 

15 

23 

27 

28 

29 

30 

1 



20CeU. 



—1° 53' 



40.82 
41.06 
40.52 
40.00 

40.29 

40.23 
40.72 
41.79 
40.54 
42.04 

40.21 

40.49 
42.06 
41.53 
40.78 
41.65 
39.88 
41.67 



26 Ceti. 



+0° 37' 



41.19 



40.94 
^1.29 

40.94 



*f 



32.99 



33.74 
33.40 
33.06 
33.20 

32.82 
33.62 
34.27 
32.51 
33.24 
34.73 
34.05 
34.02 
32.42 
33.84 
33.29 
33.40 
34.88 



34.07 



33.56 
34.51 



80 Pise. 



T- 



+40 55' 



89 Plsc. 



+2° 50' 



n 



05.47 



05.78 



05.64 



05.41 
06.82 
05.80 



08.72 



06.14 
06.03 
04.59 
06.40 
06.93 



33.13 
33.77 



33.15 
35.24 

33.63 



05.33 
05.77 

04.59 



/■/ 



05.96 



10.87 
10.96 
10.53 
11.46 



10.95 



43 Ceti. 



1°10' 



n 



22.14 
22.93 
23.14 
22.95 
22.32 
23.08 



22.76 
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•MEAN DECLINATION OP STARS 

COHPABED WITH KABS (1862, 0.) 



DATE. 


2614 L.L. 


(*Pisc. 


7 Pise. 


3298 L.L. 


I Pi8C. 


1862. 

Ang. 18 

19 

20 

21 

24 

25 

26 

29 

Sept. 2 

3 

4 

5 

7 

8 

9 

10 

21 

22 

23 

24 

25 

26 

27 

Oct. 7 

8 

14 

15 

23 

27 

28 

29 

30 

Nov. 1 


—1° 07' 


+5° 25' 


+40 47' 


+2° 59' 


+2^30' 


n 


H 


ft 


// 


// 
































~ ^ ~ 


49.37 
50.37 


15.53 
15.41 
14.81 
13.20 
15.00 
15.32 
14.23 
14.72 
15.10 
14.30 
15.09 
14.85 
13.94 
15.36 
16.19 
14.38 


41.48 

40.74 
42.91 
41.52 
40.82 
41.66 

40.62 
41.94 
41.22 
40.35 
39.67 
41.54 

41.19 


15.20 
16.25 
17.05 
16.38 

15.13 
16.06 
16.48 
17.20 
15.37 
16.32 
16.33 
15.86 
17.14 
17.33 
15.76 


































. - _ 


60.25 


01.75 
03.41 


49.87 
50.85 
50.35 
51.00 
49.46 
















- - • 








































































































Mean, 


02.58 


50.19 


14.84 


41.20 


16.26 



* This table contains the individual results and mean of the following observations: 
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DATE. 


Time. 




Ther. 


AJoptel 

Kadir. 


1862. 


H. M. 


in. 


o 


, . 




October U. . 


38 


29.880 


60.1 


1 J.W 






1 20 


29.880 


60.1 




■ 


23.. 


<) Ili 


30. 203 


32.8 


1 10.35 


k 




I 110 


.■». 203 


31.6 




V 


27 


22 20 


2!l. 607 


36.0 


1 9.98 


p^ 




20 


29. 742 


35.4 




1 


28.. 


22 27 


.■iO. 040 


40.0 


1 9.70 


1 




40 


30. 020 


39.0 




1 


30.. 


22 sr, 


29. 922 


48.0 


1 9.26 


1 




30 


29. 895 


47.8 




1 


November 1 . . 


23 50 


29. 837 


63.5 


1 10. SO 






1 00 


29.835 


52.5 





The fiexBre coprection used is + 1".34, for Dec -j- 0°. 

The nins of the microscoiies hare been assumed as con- 
BtuQt during the whole period of observation. The following 
obaerved values will sliow that iu considering the runs con- 
Btaiit we do uot iutroduee a greater error than would result 
from usiug a single determination: 





HUKS FOE 100 






Sept. ;23d. 
Temp. 00°. 


Oct. 7th, 
Temp. 06°. 


Oct. 30th, 
Temp. 50^ 


Oct. 3lBt, 
Temp. »?. 


Mir. E,.... 

V 

(i, 

a 

Mi-iii. .... 


-r 0.80 
— 0.58 

4- 1.87 
+ 0.30 
-H 0.00 


+ 1.00 
— 0.20 
+ 1.87 
+ 0.41 

+ 0.77 


+ 0.S2 
— 0.20 
+ 1.8(3 
+ 0.B8 
+ 0.68 


+ 0.66 
— 0.20 
+ 1.80 
+ 0.52 
+ 0.69 



Tlie runs computed separately fot c^h mii;n>scopo aie 

lollows: 100", Mic. E, +0-.S0; F. — i' ■'-■ Q. + r.80j 
II. i ir..'lSi .Mean, + 0-.68. 
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In a few cases the barometer and thermometer were read 
only once, and near the middle of the observations for the 
night. In such cases, the observations made at 8 p. m., m. 
T., have also been used to determine the changes. It is not 
possible for an error of more than 0^05 to arise from this 
cause. 



F. 

OBSEBVATIOKS OF THE PLANET NEPTUNE, HADE WITH THE 

OLCOTT HEKIDIAN CIRCLE, 1861. 



DATE. 


M. T. Dudley Ob- 
servatory. 


App. A. B. 


App, Decl. 


1861. 


h m s 


h m s 


O ' " 


Sept. 24 


11 46 54. 61 


• • • ■ 


-1 13 44.76 


25 


11 42 52. 65 


2 45. 70 


1 14 25. 34 


28 


11 30 46. 79 


2 27. 51 


1 16 25. 03 


Oct. 3 


11 10 37. 29 


1 57.46 


1 19 41. 17 


8 


10 50 28. 42 


1 28.05 


1 22 51. 17 


9 


10 46 26. 66 


1 22.18 


- • • • 


14 


10 26 18. 78 


53. 76 


1 26 29. 20 


28 


9 30 4.42 


23 59 41. 92 


1 33 59. 68 


29 


9 26 3.94 


23 59 37. 34 


1 34 27. 89 


Nov. 18 


8 6 12.93 


23 58 24. 31 


1 41 45. 60 


19 


8 2 14.52 


23 58 21. 81 


1 42 00. 50 


22 


7 50 19. 74 


23 58 14. 74 


1 42 38.27 


25 


7 38 25. 94 


23 58 8. 67 


1 43 10.80 


26 


7 34 28. 37 


23 58 7.00 


1 43 20. 93 


30 


7 18 38.92 


23 58 1. 18 


1 43 46. 47 


Dec. 2 


7 10 44. 88 


23 57 58. 96 


1 43 56. 49 


3 


7 6 48.04 


23 57 58.02 


1 43 58. 16 


14 


6 23 31. 28 


23 57 56. 39 


1 43 42.84 


17 
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ViM'IhIIi'Ii i.r A, 1!, Ii.f KM) (lays, = O.'IOO. Mean error 

1l1*(mH ittumuiil V, K., ■ O.ir.'O. Decl. -- ±z 0".iSO. 

'I^tt tlW^llN mi \VU'U>r ■.■Sili. November 19th, ami Deceiu- 
W» W, \Hw ^«»v«v¥\t\i ttt> y, 10 ami 7 wittts, respectively. Id 
|A\ *Vw «*K>'^' »kW\t\«tu>Jiw l,\ win?* wew used, and the times 
■flyj Vi'W*'* (vtS'ANM v«j,i tth' v'ttcv<<M^:n{)ilL AuT change Id Ibe 
Wto'*' ""* ^'K's^ v******* »W \aue -ii tf*s«Taitoa« was satis- 
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causing their peudalums to make records on the chronograph 
at intervals of 30 minutes. 

In converting the chronographic records into time, every 
wire was measured to the hundredth of a second. And in 
the '' mean," and all subsequent reductions, the thousandths 
were retained ; being rejected in the final results only. 



OBSEBYATIONS OP THE PLAKET KEPTUXE, 1862. 



DATE. 


M. T. Dndley Obser- 
vatory. 


App. A. B. 


App. Decl. 


1862. 


h m s 


h m s 


O ' " 


Aug. 


21- 


14 13 12. 8 


14 33. 93 


+ 13. 26 




24 


14 1 10. 7 


• • • • 


— 2 27. 18 




26 


13 53 8. 8 


14 9. 39 


2 34.57 




29 


13 41 5. 7 


13 54. 00 


4 21.97 


Sept. 


2 


13 25 0. 7 


13 32.54 


6 48.04 




3 


13 20 59. 4 


13 27. 11 


7 27. 39 




4 


13 16 58. 


• • • • 


8 04. 73 




5 


13 12 56. 5 


• • • • 


8 41.63 




7 


13 4 53. 4 


13 4.72 


9 58.21 




9 


12 56 50. 


12 53. 13 


11 15.60 




10 


12 52 48.4 


12 47.37 


11 52.38 




21 


12 8 27. 9 


11 41. 64 


19 10.56 




22 


12 4 2«. 


11 35.65 


19 53.24 




23 


12 23. 8 


• • • • 


20 32. 45 




24 


11 56 22. 1 


• • • • 


21 13.68 




25 


11 52 20. 


11 17.38 


21 52. 74 




26 


11 48 18. 1 


11 11. 37 


22 32. 47 




27 


11 44 16. 1 


11 5.23 


23 13. 75 


Oct. 


7 


11 3 56.9 


10 4.89 


29 45. 55 




8 


10 59 55. 1 


9 59.01 


30 22. 96 




14 


10 35 45. 


9 24. 23 


• • • • 




15 


10 31 43. 2 


9 18.40 


34 42. 58 




20 


10 11 36. 6 


■ • • 


37 35. 79 




23 


9 59 32.8 


8 35. 15 


39 16.67 




27 


9 43 29. 1 


8^ 14. 95 


41 22.86 




28 


9 39 28. 3 


8 10.03 


41 53.33 




29 


9 35 27. 5 


8 5.14 


42 24.26 




30 


9 31 26.9 


8 0.45 


42 54. 11 




31 


9 27 26. 4 


7 55.90 


43 21.66 


Nov. 


1 


9 23 25. 9 


7 51. 24 


43 47. 74 




14 


8 31 27. 9 


6 59. 89 


48 56. 94 
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OBSKRVAHONS of the planet NBPTUlfB. 



DATE. 



1863. 
September 7. 

9. 

15. 

16. 

23. 

27. 

28. 

29. 

30. 
October 14. 

15. 

17. 

19. 

20. 

21. 

22. 

29. 
November 4. 

19. 

26. 

27. 

30. 
December 4. 

7. 
8. 

10. 

23. 

January 2. 

1864. 

September 19. 

20. 

27. 

30. 
October 4. 

11. 

22. 

24. 

25. 



AKEBICAN EPHEMEBIS. 



A a 


A N. P. D. 


Obs. 
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— 2.28 


+ 14.6 


H 


2.31 


• m 


H 


2.25 


13.7 
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2.16 


14.7 
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2.30 


14.4 
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2.21 


13.1 


H 


2.26 


15.8 
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2.28 


15.2 
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2.17 


15.2 
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16.4 
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2.27 


14.9 


Mc 


2.00 


16.6 


H 


2.27 


14.7 
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16.9 


H 


2.18 


14.3 


Mc 


2.26 


15.9 


Mc 


2.18 


15.9 
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2.12 


15.1 


Mc 


2.13 


16.2 


Mc 


2.10 


* • 


S 


2.08 


14.4 


Mc 
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15.0 


Mc 


2.12 


14.9 
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2.03 


14.8 
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2.09 


15.9 


H 


2.07 


14.8 


Mc 
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14.6 
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13.8 
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2.53 


19.7 
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2.51 


17.6 
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2.45 


17.8 
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2.60 


18.0 


H 


2.43 


16.5 


H 


2.39 


17.4 


H 


2.43 


16.4 


H 


2.42 


15.9 


H 


— 2.47 


+ 15.7 


H 
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1 (51) NEMAUSA (B. J., 1865). 1 
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The lemaiuing . observations have been made with the 
Declinometer, attached to the Meridian Oircle. 

The advantage of the latter method lies in the fact, that 
many bisections and readings can be made daring, the time 
of transit. The observations are not corrected for parallax. 

The following example will show the method of observa- 
tion with the Declinometer : 

August 15th 1862. Comet II, observed on the meridian 
at the lower Oulmination. 

The first column is the number of bisections ; the second 
H, hour angle ; third, Declinometer scale reading ; fourth, E, 
reduction to the meridian ; fifth, scale reading reduced ; sixth, 
IL m., reduction for Comet's motion ; seventbi scale reading 
reduced to the meridian. 

The mean of the seventh column gives the final scale 
reading for the position of the Comet if observed at the 
middle wire. 



Ko. of Bi- 
section. 


H. 


Scale. 


B. 


Scale redaced. 


• • 

B. m. 

a • V • 


Scale reduced 

for Comet's 

motion. 




m. s. 


/ ff 


// 


f 


?' . 




2 


— 6 48 


22 16.25 


— 9.94 


22 6". 31 


— ft.60 


21 59.59 


2 


— 6 22 


14.00 


— 7.95 


6.06 


— 5.37 


60.68 


2 


— 4 35 


12.50 


— 5.80 


6.70 


— 4.59 


62.11 


2 


— 3 22 


8,50 


— 3,13 


5.37 


—.3... 37 


62.00 


2 


— 2 32 


6.75 


— 1.77 


4.98 


— 2.50 


62.48 


2 


— 2 01 


5.00 


— 1.12 


3.88 


— 2.01 


61.87 


2 


— 1 22 


4.50 


— 0.51 


4.00 


— 1.33 


62.67 


2 


— 65 


3.00 


— 0.25 


2.75 


— 0.91 


61.84 


1 


— 20 


3.00 


— 0.03 


2.97 


— 0.33 


62.64 


1 


— 00 


2.00 


— 0.00 


2.00 


— 0.00 


62.00 


1 


+ 20 


2.00 


— 0.03 


1.97 


H 


- 0.33 


62.30 


2 


+ 1 05 


1.50 


— 0.32 


1.18 




-1.08 


62.26 


2 


+ 1 22 


1.75 


— 0.51 


1.24 


- 


- 1.33 


62.57 


2 


+ 1 58 


1.00 


— 1.05 


21 59.95 


+ 1.97 


61.92 


2 


+ 2 38 


2.50 


— 1.91 


60.59 




- 2.63 


63.22 


2 


+ 3 21 


0.20 


— 3.09 


67.11 


- 


-3.35 


60.46 


2 


+ 3 57 


2.75 


— 4.30 


58.45 




- 3.95 


62.40 


2 


+ 4 35 


2.00 


— 5.80 


56.20 


- 


-4.68 


60.78 


2 


+ 5 13 


3.85 


— 7.51 


56.34 




-5.22 


61.54 
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OBSEBVATIONS OF OOMBT H, 1861, 3CADE WITH TI 

TOBIAI/. 



DATE. 


■ M.T. of ObB. 


App. A. B. 


• App. 


1861. 

August 3 

10 

14 

15 


h m s 
10 30 17. 56 

10 54 35. 16 

11 47. 20 
9 57 45.91 


h m 8 
15 2 47.41 
15 10 38. 48 
15 14 55. 95 
15 15 57.44 




+ 47 2 

r 

+ 45 ;'• 

* 



Aug. 3. 
10. 
14. 
15. 



Gomp. *, 4961 Buinker. 3 Gomp. 
15266, 15309 Arg. 5 " 
15272, 15290 Arg. 7 " {^'j: 
15290 Arg. 6 " {C;! 



(( 



(( 



<l 



OBSERVATIONS OF COMET II, 1862, MADE WITH T 

MERIDIAN CIRCLE. 

The fbllowing observations have all. been ni. 
meridian, with the exception of July 18, when the 
observed with the wire micrometer of the equator 

Star of comparison 10.5 mag. 

Comet Aa=: — 6».45. ^ ^ = + 55".2<^ 

18 comp. for A. l!.* and 10 €omp. for Decl. 

The place of the star was determined by three* 
the lower culmination, observed with the 01c(» 
Circle. 



* 10.5. 


App. A. R. 


A 


1862. 
July 18 


Ji m s 
5 24 4. 03 


+ 6" 







^he observations for A. E. are the mean » 
•ved by the magnetic method, 
e declinations for July 25, 26, Aug. 3, 4, 10 : 
' observed in the usual way, using eight 
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